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It was assumed that effects on freshwater water quality can be disseminated through the surface water 

environment and affect other connected waterbodies. It was also assumed that potential water quality 

effects were not spread over land between unconnected waterbodies. 

4.4.2 Temporal Boundaries 

The temporal boundaries used for the assessment of effects on the VEC freshwater water quality align 

with the duration of Project phases as described in the General Methodology for Project Effects 

Assessment (Volume 9, Chapter 1). The temporal boundaries for the Project phases were defined as follows:  

o Site Preparation: 2 years; 

o Construction Phase: 2 years; 

o Operations Phase: 10 years; 

o Reclamation and Closure Phase: 10 years; 

o Post-closure Phase: 3 years minimum; 

o Other potential phases: 

− Temporary Closure: less than 2 years; 

− Care and Maintenance Phase: 2-10 years; and 

− Exploration: included in Construction and Operations Phases. 

The temporal boundaries used for the freshwater water quality VEC was defined in relation to planned 

activities over the lifetime of the Project within which a reasonable expectation of interaction with 

components of the freshwater environment can be predicted. 

4.5 POTENTIAL PROJECT-RELATED EFFECTS ASSESSMENT 

4.5.1 Methodology Overview 

The Project-related effects assessment for freshwater water quality followed the step-wise process 

detailed in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1): 

1. Identification of potential interactions of the Project with freshwater water quality; 

2. Characterization of potential effects; 

3. Identification of mitigation and management measures to be taken that would eliminate or 

reduce potential effects; 

4. Characterize residual effects using the primary attributes of direction (i.e., positive, neutral, 

or negative), magnitude, reversibility, confidence, and probability, and the secondary 

attributes of their extent, frequency, and duration; and 

5. Determine the significance of the residual effects.  

If mitigation and management measures were considered entirely effective, potential Project-related 

effects to the VEC freshwater water quality were deemed negligible and not identified as residual 

effects. Attributes used to characterize residual effects included direction, magnitude, reversibility, 

confidence, probability, extent, frequency, and duration. The rating criteria used for these attributes 

are provided in tables in the General Methodology for Project Effects Assessment (Volume 9, 

Chapter 1). Table 4.5-1 presents the ratings specific for the magnitude of residual effects to the VEC 

freshwater water quality. The CCME guidelines for water quality were used, when available, as the 
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threshold for determining the magnitude of residual effects since they are designed to be protective of 

all forms of aquatic life and all aspects of aquatic cycles, including the most sensitive species over the 

long term (CCME 2007, 2013). Under these rating criteria, residual effects from Project activities 

classified in the Low magnitude would result in changes in freshwater water quality that would be less 

than the CCME guidelines. Low magnitude residual effects would, therefore, be predicted to not result 

in any effects in aquatic organisms because of the conservative design of the CCME guidelines (NIRB 

2013). If particular metals were naturally above CCME guidelines (e.g., copper), then a Low magnitude 

effect would apply if concentrations were within the 90% percentile of baseline values. Combined with 

the probability that the effect will occur, the significance of the effect was rated as positive, not 

significant, or significant (Table 4.5-2). 

Table 4.5-1.  Rating Criteria for Evaluating the Magnitude of Residual Effects on Freshwater Water 

Quality VEC 

Criteria  Classification 

Magnitude Negligible No change from baseline values 

 Low Within the CCME guideline, or less than the 90% percentile of baseline 

values if indicator is naturally greater than threshold 

 Moderate Greater than CCME guideline, or greater than the 90% percentile of 

baseline values if indicator is naturally greater than threshold 

Less than 10× threshold 

 High Greater than CCME guideline, or greater than the 90% percentile of 

baseline values if indicator is naturally greater than threshold 

Greater than 10× threshold 

Table 4.5-2.  Definitions of Significance Ratings for Freshwater Water Quality VEC 

Significance Descriptor of Significance 

Positive Effect could result in improvements in freshwater water quality, relative to the baseline 

within the RSA into the foreseeable future. 

Significant Effect is expected to result in a decline in freshwater water quality that is long-lasting or 

permanent within the zone of influence of the Project relative to reference conditions; levels 

may be variable or stable over years, but significantly lower on average than the natural 

variation of water quality and compared to reference sites elsewhere. Regional management 

actions such as research, monitoring, and recovery initiatives may be required should changes 

to freshwater water quality be deemed above acceptable risk thresholds. 

Not Significant Effect may result in a decline in freshwater water quality within the zone of influence of the 

Project relative to reference conditions during the life of the project, but water quality 

should return to baseline conditions in the shorter-term after Project closure. Monitoring may 

be initiated to confirm the ratings of the effects assessment. 

4.5.1.1 Water Quality Indicators 

Water quality is a complex of multiple parameters and indicators, as discussed in the Existing 

Environment (Section 4.1). Project activities may interact with the freshwater environment along a 

number of pathways and may change water quality parameters or indicators to levels outside of natural 

or threshold ranges. For example, if unmitigated, runoff from waste rock storage areas may carry 

suspended material and metals into a receiving freshwater environment. The deposition of that 

suspended material, and the associated metals, may increase concentrations beyond natural levels. 

The water quality effects assessment was based on the analysis of seven water quality indicators that 

represent the most probable and significant potential interactions between Project activities and the 

freshwater environment (Table 4.5-3). It is important to note that the key indicators of freshwater 
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quality outlined in Table 4.5-3 are subject to natural variation, but thresholds and guidelines have 

been established to protect aquatic life (CCME 2013). For the purposes of this assessment, the 

contaminants of potential concern (COPC) identified in the CCME guidelines were used as indicators. 

The thresholds for the residual effects analysis were based on the CCME guidelines, when available, 

and detailed in Table 4.5-4.  

Table 4.5-3.  Freshwater Water Quality Indicators for Effects Assessment 

Indicator Description Project Interactions Pathway 

pH Acid-base balance of water Project activities may increase pH 

outside of natural range through 

runoff, deposition, and discharge 

Runoff, deposition, 

discharge 

TSS Quantity of suspended material Project activities may disturb in-

water sediments, increase runoff 

of deposited sediment, or 

discharge suspended material 

In-water or near-water 

works, runoff, 

deposition, discharge 

Nutrients Chemical compounds that may 

contribute to aquatic plant and 

algal growth, and/or alter 

community structure 

Project activities may contribute 

nutrients to waterbodies 

Runoff, discharge, 

deposition 

Metals Metals suspended or dissolved in 

water 

Project activities may contribute 

metals to waterbodies in runoff, 

discharge or deposition 

Runoff, deposition, 

discharge 

Hydrocarbons Petroleum hydrocarbon compounds Project activities may contribute 

hydrocarbon compounds in runoff, 

discharge, or deposition 

Runoff, deposition, 

discharge 

BOD Organic compounds that may 

enhance aquatic respiration 

Project activities may contribute 

organic compounds to waterbodies 

by discharge 

Discharge 

Chloride and 

Cyanide 

Chemical compounds from natural 

or human sources 

Underground water may have high 

concentrations of chloride, cyanide 

is a process chemical 

Discharge 

Table 4.5-4.  Indicators and Thresholds Used for Magnitude Characterization for Residual Effects 

Analysis on the VEC Freshwater Water Quality 

Indicator Parameter CCME Guidelines for the Protection of Aquatic Life 

pH  6.5 – 9.0a 

TSS  Narrative 

Nutrients Ammonia N (total) pH- and temperature-dependentb 

 Ammonia N (un-ionized) 0.019 mg/L 

 Nitrate N 550 mg/L (short term) 

13 mg/L (long term) 

 Nitrite N 0.06 mg/L 

 Total P Guidance frameworkc 

(continued) 
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Table 4.5-4.  Indicators and Thresholds Used for Magnitude Characterization for Residual Effects 

Analysis on the VEC Freshwater Water Quality (completed) 

Indicator Parameter CCME Guidelines for the Protection of Aquatic Life 

Metals Aluminum 0.005 mg/L (if pH < 6.5) 

0.1 mg/L (if pH ≥ 6.5) 

 Arsenic 0.005 mg/L 

 Boron 640 mg/L (short term) 

1.5 mg/L (long term) 

 Cadmium hardness dependentd 

 Chromium 0.001 mg/L (hexavalent) 

0.0089 mg/L (trivalent) 

 Copper 0.002 mg/Le 

 Iron 0.3 mg/L 

 Lead 0.001 mg/Lf 

 Mercury 0.000026 mg/L 

 Molybdenum 0.073 mg/L 

 Nickel 0.025 mg/Lg 

 Selenium 0.001 mg/L 

 Silver 0.0001 mg/L 

 Thallium 0.0008 mg/L 

 Uranium 0.033 mg/L (short term) 

0.015 mg/L (long term) 

 Zinc 0.03 mg/L 

Other indicators Dissolved Oxygen 9.5 mg/L (early life stages) 

6.5 mg/L (other life stages) 

 Petroleum Hydrocarbons range of guidelines for petroleum hydrocarbon compounds (CCME 2013) 

 Chloride 640 mg/L (short term) 

120 mg/L (long term) 

 Cyanide 0.005 mg/L (as free cyanide) 

 BOD no established CCME guideline 

a pH values in pH units. 
b The CCME guideline for total ammonia depends on pH and temperature. For circum-neutral freshwater (pH 6.5 - 7.5) at 

conservative temperatures (15°C), the guideline for total ammonia is 2.22 to 22.0 mg/L. 
c See Section 4.1.6.4. 
d The CCME guideline for total cadmium is hardness dependent. The guideline for the average hardness of lakes in the 

George Property Area (25 mg/L CaCO3) was 0.000015 mg/L and the guideline for the average hardness of lakes in the 

Goose Property Area (15 mg/L CaCO3) was 0.000007 mg/L.  
e The CCME guideline for copper is hardness dependent, but hardness values in the Project area were generally less than 

the lower hardness limit (~80 mg/L CaCO3) and, therefore, the minimum guideline value was 0.002 mg/L. 
f The CCME guideline for lead is hardness dependent. However, average hardness values (25 mg/L CaCO3 for the George 

Property Area and 15 mg/L CaCO3 for the Goose Property Area) were less than the minimum guideline value of 0.001 mg/L. 
g The CCME guideline for nickel is hardness dependent. However, average hardness values were less than the minimum 

guideline value of 0.025 mg/L. 

4.5.2 Identification and Characterization of Potential Interactions with Project 

Project activities have the potential to influence the VEC freshwater water quality. 

Potential interactions between the Project and the VEC freshwater water quality were based on the 

matrix provided in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1) and 



FRESHWATER WATER QUALITY 

SABINA GOLD & SILVER CORP. 4-39 

further refined using the EIS guidelines (NIRB 2013) and professional judgement based on extensive 

experience at other similar projects in Nunavut and the Northwest Territories. Activities that will occur 

throughout the duration of the Project were considered for their potential interactions with the 

freshwater environment.  

The majority of Project interactions with the freshwater environment are likely to occur through 

non-point source pathways (runoff and deposition). Non-point source pathways were assessed for the 

Project as a whole, rather than considering the effects on each individual receiving environment. 

Many of these pathways have the potential to vary substantially in timing and magnitude during the life 

of the Project, and therefore a qualitative effects assessment approach using conservative assumptions 

of potential Project effects was generally used for the effects assessment. The effects of dust on 

freshwater water quality were assessed quantitatively as part of the Country Foods Assessment 

(Volume 8, Chapter 5) and the results are described in Section 4.5.2.10.  

The interactions of Project activities and the VEC freshwater water quality were grouped by related 

Project activities, shared pathways to the freshwater environment, and shared key water quality 

indicators for the effects assessment (Table 4.5-5). For example, the construction of water crossings 

and the clearing of surfaces for pad construction were grouped into the Site Preparation, Construction, 

and Decommissioning Activities Project Interaction Group because both activities will be occurring 

during similar stages in the Project development and both activities have the potential to contribute to 

erosion and deposition of suspended material into freshwater receiving environments through the 

shared pathway of runoff. The identified Project interaction groups are: 

o Site Preparation, Construction, and Decommissioning Activities - Project activities that include 

the clearing of overburden, dewatering, earthworks, and construction activities for pads and 

infrastructure. 

o Winter Roads - Project activities related to the construction and operation of winter roads. 

o Site Contact Water - the runoff from Project infrastructure including pad areas, laydown areas, 

roads, and airstrips. 

o Mine Contact Water - water that contacts mine surfaces and operations, including runoff from 

waste rock storage areas and ore storage areas, and open pit and underground water. 

o Water Use - Project activities requiring the withdrawal of water from waterbodies. 

o Quarries and Borrow Pits - activities related to the operation of quarries and borrow pits. 

o Explosives - Project activities related to the transport, manufacture, storage, and use of explosives. 

o Fuels, Oils, and PAH (Polycyclic aromatic hydrocarbons) - Project activities related to the 

storage of fuels, fueling and maintenance operations, and the combustion of waste. 

o Treated Sewage Discharge - discharge of effluent from domestic water treatment facilities. 

o Dust Deposition - Project activities that generate dust, including vehicle traffic, mining operations, 

and milling, that can then be deposited in freshwater receiving environments. 

In some cases, the pathways and interactions would change between locations or Project phases, and 

those changes are considered in the effects assessment. For example, once the site water management 

infrastructure is completed, site contact water (e.g., runoff from site pad areas) will be diverted to 

the water management facilities and not directly reach the freshwater environment. As a result, the 

assessment of effects from site contact water would necessarily be different in the Operations phase 

than during the Construction phase. 



 

 

Table 4.5-5.  Definition of the Components of the Project’s Interactions with the VEC Freshwater Water Quality 
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Site Preparation 

and Construction 

Camps and mill facility construction, local site roads, airstrip, 

equipment laydown areas, pad areas 

X          

 Quarry development      X     

 Water use     X      

 Dam or dyke construction for water management facilities and 

dewatering activities 

X          

 Pit pre-stripping, waste rock pile construction, head-frame and 

underground development 

   X       

 Winter roads   X         

 Machinery and vehicle refueling; fuel storage and handling   X     X   

 Sewage treatment plant and discharge         X  

 Landfill construction and solid waste management X  X        

 Chemical and hazardous material storage and management   X        

 Explosives storage and handling       X    

 Marine Laydown Area: on-land laydown areas and fuel storage   X     X   

Operations Open pits: drilling, blasting, and excavation    X   X   X 

 Underground: drilling, blasting, and excavation    X   X   X 

 Waste rock storage areas    X      X 

 Tailings storage    X      X 

 In-pit and surface water management    X       

 Mill and domestic water use     X      

 Road and airstrip use and maintenance   X   X    X 

(continued) 



 

 

Table 4.5-5.  Definition of the Components of the Project’s Interactions with the VEC Freshwater Water Quality (completed) 

  Project Interaction Group 

Project Phase Project Activity 
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Operations (cont’d) Winter roads   X         

 Sewage treatment and discharge         X  

 Solid waste management   X        

 Equipment maintenance and fuel storage and handling   X     X   

 Chemical and hazardous material storage and management   X        

 Explosives storage and handling       X    

 Marine Laydown Area: Fuel storage and handling   X     X   

Reclamation and 

Closure 

Open pits    X       

Underground mines    X       

 Tailings storage    X       

 Water use for tailings management     X      

 Waste rock storage areas    X       

 Winter Roads  X         

 Road reclamation of site roads X          

 Solid waste management   X        

 Equipment maintenance and fuel storage and handling   X     X   

 Chemical and hazardous material storage and management   X        

 Airstrip reclamation X          

 Landfill closure X          

 Quarry decommissioning X     X     

 Marine Laydown Area reclamation X          
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The pathway describes the linkage between each Project interaction group and the freshwater water 

quality VEC. The four identified pathways for interaction between Project activities and the freshwater 

environment are:  

o runoff, which describes the transport of material or compounds from the terrestrial 

environment into the freshwater environment by precipitation or snowmelt.  

o water withdrawal, which describes the influence that changes volume and flow may have on 

freshwater waterbodies.  

o discharge, which is the direct input of Project water into freshwater waterbodies. 

o aerial deposition, which is the direct input of material and chemical compounds from the air 

into the freshwater environment. 

The pathway(s) for each Project interaction group were identified (Table 4.5-6), and then used to 

describe the potential effects, identify mitigation and management measures, and characterize the 

potential for residual effects from Project activities. 

Table 4.5-6.  Key Indicators of Project Activity Interactions with the Freshwater Environment for 

Effects Assessment 

Project Activity Pathway Indicators Project Phases 

Site preparation, 

construction, and 

decommissioning activities 

Runoff, discharge pH, TSS, nutrients, metals, 

hydrocarbons 

Site preparation, 

Construction, Operations, 

Reclamation and Closure 

Winter roads Runoff, water 

withdrawal 

TSS, metals, hydrocarbons Site preparation, 

Construction, Operations, 

Reclamation and Closure 

Site contact water Runoff pH, TSS, nutrients, metals, 

hydrocarbons 

Site preparation, 

Construction, Operations, 

Reclamation and Closure, 

Temporary Closure, Care and 

Maintenance, Post-closure 

Mine contact water Runoff, discharge pH, TSS, nutrients, metals, 

chloride, cyanide 

Operation, Reclamation and 

Closure, Temporary Closure, 

Care and Maintenance, 

Post-closure 

Water use Water withdrawal pH, TSS, nutrients, metals, 

hydrocarbons 

Site preparation, 

Construction, Operations, 

Reclamation and Closure 

Quarries and borrow pits Runoff pH, TSS, metals, 

hydrocarbons 

Site preparation, 

Construction, Operations 

Explosives Runoff, aerial 

deposition 

Nutrients, hydrocarbons Site preparation, 

Construction, Operations 

Fuels, Oils, and PAH Runoff, Aerial 

deposition 

Hydrocarbons Site preparation, 

Construction, Operations, 

Reclamation and Closure 

Treated Sewage Discharge Discharge TSS, nutrients, 

hydrocarbons, BOD 

Site Preparation, 

Construction, Operations, 

Reclamation and Closure 

Dust deposition Aerial deposition TSS and metals Construction, Operations, 

Reclamation and Closure 
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The potential effects of each of the Project activities identified in Tables 4.5-5 and 4.5-6 are 

characterized in the Sections 4.5.2.1 to 4.5.2.10. The potential effects analysis considered the 

proposed Project activities (Volume 2) and the pathway(s) linking the Project activities to the 

freshwater environment. The potential effects are identified and characterized in the absence of 

mitigation or management measures.  

4.5.2.1 Site Preparation, Construction, and Decommissioning Activities 

Ground preparation will be required in the Site Preparation and Construction phases throughout the 

PDA to construct necessary Project infrastructure, including buildings, roads, and mine works. 

Site preparation will involve vegetation clearing, the removal and relocation of surficial materials, and 

the construction of pad areas from surficial material, borrow material, and quarried rock. The site 

preparation activities would also include the construction of water management structures, such as 

ditches, diversion structures, and berms to mitigate runoff, and earthworks for the TIA, the WMFs, and 

the collection pond at the MLA. The decommissioning and reclamation of Project infrastructure will 

similarly require surface contact and the transportation and relocation of surficial materials. 

The production of methylmercury will be negated by stripping and stockpiling organic material as part 

of site preparation and construction activities. 

Landscape contact (ground works) has the potential for effects on freshwater water quality. 

The primary pathway for these potential effects would be runoff (i.e., the transport of material in 

overland flow). This would occur primarily during snowmelt and freshet in the spring, during 

precipitation events in the summer and fall, and would be absent in the winter. Some in-water or 

near-water activities required during the Site Preparation and Construction and the Reclamation and 

Closure phases also carry the potential for effects on water quality. Additional effects may occur via 

dust deposition, and these are presented separately (Section 4.5.2.10). 

Llama Lake (Goose Property Area) and portions of Lytle and Occurrence lakes (George Property Area) 

will need to be dewatered as part of the development of the Project. The primary pathway of potential 

effects will be through the discharge of water into nearby receiving environments during dewatering 

activities. In addition, construction of the retention dykes for the dewatering activities at the George 

Property Area may increase the concentration of sediments through runoff and re-suspension. 

Runoff from prepared and decommissioned areas could affect the VEC freshwater water quality by 

changing pH (interaction with surficial material), and contributing TSS (erosion), metals (TSS and 

dissolution), nutrients (vegetation removal and blasting residue), and hydrocarbons (mechanical use of 

fuel, oil, and grease) into the freshwater environment. 

4.5.2.2 Winter Roads 

Winter roads will be used to connect the three main areas of the Project. Winter roads will be used in 

the Site Preparation, Construction, and Operations phases, and possibly in the Reclamation and Closure 

phase, and the pathways of interaction are through runoff and water withdrawals. The construction of 

winter roads may affect vegetation cover along the shores of waterbodies, which could increase runoff 

and erosion. Winter road construction and maintenance may also affect the VEC freshwater water 

quality through water withdrawals that reduce lake water volumes. This may influence mixing 

processes that could re-suspend sediments, metals, nutrients, and dissolved oxygen concentrations in 

affected waterbodies.  
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4.5.2.3 Site Contact Water 

Site contact water was defined as the runoff from snowmelt and precipitation events that interacts 

with geochemically neutral site surfaces including roads, laydown areas, and buildings. The interaction 

of runoff and Project infrastructure could transport acid equivalents, suspended material, metals, 

nutrients, and petroleum hydrocarbon compounds into the freshwater environment if not managed or 

mitigated. The potential for effects from site contact water could occur during all phases of the Project.  

4.5.2.4 Mine Contact Water 

Mine contact water was defined as the underground water removed from mine works, the runoff from 

mine surfaces, WRSA, and ore stockpiles, drilling fluids from ongoing exploration activities, mill process 

water, and water in the TIA. The pathways of interaction between mine contact water and the 

freshwater environment are runoff and discharge. The majority of mine workings, including both open 

pit and underground, will be in permafrost throughout their depth and no groundwater inflow will 

occur. The underground works at the Umwelt deposit will reach a maximum depth of 680 m, with a 

predicted maximum inflow of 10 L/s (see Appendix V6-2A, this volume). Overburden, waste rock, and 

tailings may also be in contact with surface water. The majority of mine contact water will occur from 

precipitation (Project Description, Volume 2). Potential effects from mine contact water may occur 

during all Project Phases. Mine contact water, including water interacting with overburden, waste 

rock, and tailings, could affect the VEC freshwater water quality by changing pH (interaction with 

surficial material), and contributing TSS (erosion), metals (TSS and dissolution), nutrients (contact with 

blasting residues), hydrocarbons (mechanical use of fuel, oil, and grease), and other water quality 

indicators such as chloride (drilling salts) into the freshwater environment. 

4.5.2.5 Water Use 

Water for domestic and process use will be drawn from Goose and Propeller lakes in the Goose 

Property Area and from George Lake in the George Property Area and is anticipated to occur during all 

phases of the Project. Additional waterbodies may be identified for water use to support closure 

activities (see Volume 2; Chapter 8). Water withdrawals could potentially affect the VEC freshwater water 

quality by reducing water depth in the source waterbody. This may influence mixing processes that could 

re-suspend sediments, metals, nutrients, and dissolved oxygen concentrations in affected waterbodies. 

In streams, reduction in water depths can reduce flow, change currents, change the location of 

depositional areas, change the quantity or size structure of material deposited, increase temperature, 

reduce dissolved oxygen concentrations, and expose sediments.  

4.5.2.6 Quarries and Borrow Pits 

Quarries and borrow sources will be developed to meet the requirements for construction and 

maintenance. The pathway of interaction between quarries and the freshwater environment is through 

runoff, and this may occur during the Site Preparation, Construction, and Operations phases. 

Contact water in quarries and borrow pits may transport acid equivalents, metals, and suspended 

sediments into the freshwater environment. Runoff from quarries and borrow pits could affect the VEC 

freshwater water quality by changing pH (interaction with surficial material), and contributing TSS 

(erosion), metals (TSS and dissolution), nutrients (contact with blasting residues), and hydrocarbons 

(mechanical use of fuel, oil, and grease) into the freshwater environment. 
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4.5.2.7 Explosives 

Ammonium nitrate (AN) and fuel oil (FO) will be used as the explosive for quarries, mine development 

and production. Ammonium nitrate and fuel oil will be shipped and stored on site in bulk bags and bulk 

liquid fuel. The ANFO explosive will then be mixed on site. Both components of the ANFO explosive 

have the potential for effects on freshwater water quality—AN disassociates in water into ammonia and 

nitrate and FO is a mixture of petroleum hydrocarbons. The pathways of interaction between 

explosives and the freshwater environment are runoff and aerial deposition, and the potential effects 

may occur during Site Preparation, Construction, and Operations phases. 

Runoff and deposition of explosives (or blasting residues) into the freshwater environment can affect 

water quality by increasing the concentrations of ammonia, nitrate, and petroleum hydrocarbons.  

4.5.2.8 Fuels, Oils, and PAH 

The Fuels Project interaction group was defined as the Project activities that include the storage and 

transport of fuels and petroleum hydrocarbons, fueling and maintenance operations that have the 

potential for introducing hydrocarbons into the environment, and the incineration of waste that may 

create PAHs by incomplete combustion. The primary pathways of interactions between these sources of 

hydrocarbons and the freshwater environment are runoff and aerial deposition. Activities at facilities, 

laydown areas, fuel storage areas, and waste management areas can deposit hydrocarbon compounds, 

such as oil or grease, onto surfaces that can subsequently be transported into freshwater environments 

in runoff.  

Combustible waste, including the solids from sewage treatment, will be combusted using an 

incinerator. Incomplete combustion can create airborne hydrocarbons that can be deposited into 

freshwater environment via deposition or runoff. 

The potential effects from fuels and other hydrocarbons may occur during the Site Preparation, 

Construction, Operations, and Reclamation and Closure phases. 

4.5.2.9 Treated Sewage Discharge 

Treated sewage from domestic water treatment facilities will be discharged to the tundra. 

The pathway of interaction between treated sewage and the freshwater environment is, therefore, 

discharge. Discharge of sewage effluent could affect the VEC freshwater water quality by contributing 

nutrients or organic compounds and influencing the oxygen demand (and subsequently reducing oxygen 

concentrations) in receiving freshwater environments. The potential effects from treated sewage 

discharge may occur during the Site Preparation, Construction, Operations, and Reclamation and 

Closure phases. 

4.5.2.10 Dust Deposition 

Dust can be generated by a variety of Project activities, including vehicle traffic, blasting activities, 

quarry operations, rock processing, and mining activities in open pits. Areas cleared for infrastructure 

(i.e., laydown areas) can also be sources of dust. The aerial deposition of the Project-generated dust is 

the primary pathway of interaction. Dust deposition into the freshwater environment could affect the 

VEC freshwater water quality by introducing suspended material and associated metals and nutrients 

into surrounding waterbodies. The potential effects from dust deposition may occur during all phases of 

the Project. No residual effects from dust deposition were predicted in the Environmental Risk 

Assessment (Volume 8, Chapter 6), so no further assessment of potential dust deposition effects on the 

VEC freshwater water quality was conducted. 
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4.5.3 Identification of Mitigation and Management Measures 

The following section details mitigation and management measures designed to enhance Project 

benefits and reduce or eliminate negative Project effects. If mitigation and management measures 

were considered entirely effective, potential Project-related effects to the VEC freshwater water 

quality were deemed negligible and not identified as residual effects. Once these are taken into 

account, any remaining residual Project effects on the VEC freshwater water quality are characterized 

in Section 4.5.4. 

The proposed mitigation and management measures would be actions to prevent, avoid, minimize, 

offset, or restore freshwater water quality on-site within the spatial and temporal boundaries of the 

Project. Mitigation and management measures to eliminate or reduce Project effects on freshwater 

quality include design and planning, engineered structures, the application of control technologies, 

best management practices, regulatory requirements, and monitoring and adaptive management. 

The relevant mitigation and management measures, including the spatial and temporal boundaries of 

the proposed actions, are considered and described for each Project activity in Sections 4.5.3.1 

to 4.5.3.9. All mitigation and management measures will be applied, when applicable, throughout the 

life of the Project. The Aquatic Effects Management Plan (Volume 10, Chapter 19) details the 

mitigation and management measures for the receiving freshwater environment. The Site Water 

Monitoring and Management Plan (Volume 10, Chapter 7) is the key plan for site and mine contact 

water. The following environmental management plans relevant to the VEC freshwater water quality 

will be applied during the Project: 

o Fuel Management Plan (Volume 10, Chapter 4); 

o Spill Contingency Plan (Volume 10, Chapter 5); 

o Ore Storage Plan (Volume 10, Chapter 8); 

o Mine Waste Rock and Tailings Management Plan (Volume 10, Chapter 9); 

o Landfill and Waste Management Plan (Volume 10, Chapter 10); 

o Incineration Management Plan (Volume 10, Chapter 11); 

o Hazardous Materials Management Plan (Volume 10, Chapter 12); 

o Explosives Management Plan (Volume 10, Chapter 13); 

o Road Management Plan (Volume 10, Chapter 14); 

o Borrow Pits and Quarry Management Plan (Volume 10, Chapter 16); 

o Air Quality Monitoring and Management Plan (Volume 10, Chapter 17); 

o Metal Leaching and Acid Rock Drainage Management Plan (Volume 10, Chapter 22); and 

o Mine Closure and Reclamation Plan (Volume 10, Chapter 29). 

4.5.3.1 Site Preparation, Construction, and Decommissioning Activities 

The primary pathway of interaction between the Project activities in the Site Preparation interaction 

group and the freshwater environment is runoff. The proposed mitigation and management measures 

will minimize the potential for erosion and the transport of material in runoff (Aquatic Effects 

Management Plan, Volume 10, Chapter 19; Site Water Monitoring and Management Plan, Volume 10, 

Chapter 7). The Project will minimize runoff and the transport of material into the freshwater 

environment by the following planning and design measures: 
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o Infrastructure and waste rock storage areas will be confined to the local watersheds where the 

deposits are located to limit potential effects on water quality to local drainage areas;  

o Infrastructure will be located, whenever feasible, on competent bedrock or appropriate base 

material that will limit permeability and the transport of potentially lower quality water into 

the active layer and ultimately to the freshwater environment;  

o The Project infrastructure will be designed to minimize the footprint area, such as being 

located near the deposits; and  

o Restoration of the landscape will occur as soon as possible to minimize erosion potential. 

The Project will use Best Management Practices (BMP) drawn from governmental organizations and 

specific Arctic experience to minimize erosion and reduce the entrainment of potential chemical 

compounds into runoff. Site road crossings will be constructed according to the DFO Nunavut 

Operational Statement for Clear Span Bridges (Fisheries and Oceans Canada 2009). Temporary stream 

crossings will be constructed according to the DFO Nunavut Operational Statement for Temporary 

Stream Crossings (Fisheries and Oceans Canada 2009). In-water work will be conducted during approved 

timing windows presented in the DFO Nunavut Operational Statement for Timing Windows (Fisheries 

and Oceans Canada 2009). Only geochemically suitable rock quarries and borrow sources (i.e., using 

non-potentially acid-generating rock) will be used to construct roads, pads, and structures (Metal 

Leaching and Acid Rock Drainage Management Plan, Volume 10, Chapter 22). Exposed landscape 

surfaces will be protected, where possible, by the installation of covering material like riprap, 

aggregate, or rolled erosion control products. Runoff flow may be controlled by a combination of 

measures, including: 

o slope texturing/grading to slow runoff and reduce effect slope lengths; 

o installation of synthetic permeable barriers and/or fibre rolls to reduce runoff velocities and 

retain sediments; and 

o check dams, gabions, and energy dissipation structures to reduce flow velocities in channels. 

Sediment levels in runoff will be minimized, where applicable by intercepting sediment before it 

reaches the freshwater environment. In addition to measures aimed at controlling runoff flow, the 

quantity of transported material in runoff may be controlled by measures including: 

o preservation of riparian zones to trap sediment and to reduce flow velocities; 

o installation of synthetic permeable barriers, fibre rolls, and/or silt fences as required; 

o installation of check dams, gabions, and sediment basins to reduce flow velocities and 

encourage sediment deposition;  

o stockpiles will be located well away from watercourses; and 

o Refuelling and maintenance activities will not occur within 30 m of a watercourse or waterbody 

except where required due to equipment breakdown or approved activities near water. 

The potential effects from dewatering on freshwater water quality will be mitigated as outlined in the 

Lake Dewatering Plan (Site Water Monitoring and Management Plan, Volume 10, Chapter 7). Dewatering 

will be staged to seasonal flows, when possible, to minimize adverse effects to water quality and 

quantity. Acceptable volumes of water transferred to the receiving environment will be determined to 

avoid effects associated with water level fluctuations in the receiving environment. Clean water 

transferred to the receiving environment will remain within 10% of base flow or water levels if possible. 
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Depending on the volume of clean water to be discharged to the receiving environment, lake 

dewatering may be conducted in the fall when there is some ice cover on the shore that will limit 

resuspension of lakebed sediments. This would help allow for the maximum amount of clean water to 

be transferred by keeping the TSS levels low in the lake to be dewatered longer. However, the fall is 

also when base flows are at their lowest, so the amount of clean water that could be transferred may 

be limited depending on the receiving environment location. 

Clean lake water will be transferred and monitored for turbidity and total suspended solids (TSS), until 

the TSS threshold is reached. Water transferred during dewatering activities will meet a TSS or 

turbidity threshold equivalent to the MMER limit for TSS (15 mg/L). Water that does meet established 

criteria will be retained or transferred to a suitable water management facility, such as the TIA.  

Changes to water quality during site preparation, construction, and decommissioning activities will be 

monitored under the Site Water Monitoring and Management Plan (Volume 10, Chapter 7) the Aquatic 

Effects Monitoring Program (Volume 10, Chapter 19) and to ensure drainage and erosion controls are 

effective. Previously designed and executed AEMPs have been shown to be effective at monitoring site 

preparation and construction phases of other Arctic projects (Rescan 2012b). Necessary repairs and 

adjustments to operations will be conducted as needed to ensure water quality does not surpass the 

CCME guidelines for water quality parameters in fish-bearing receiving waters and is maintained within 

baseline variability (Table 4.5-3; CCME 2013). The need for any corrective actions to on-site 

management or installation of additional control measures will be determined on a case-by-case basis. 

Indications of the need for corrective actions and additional control measures may include:  

o if results from the Site Water Monitoring Program (Volume 10, Chapter 7; to be outlined in the 

future Type A Water Licence) show non-compliance; or 

o if results from the Aquatic Effects Monitoring Program (Volume 10, Chapter 19), which will 

monitor the receiving environment around the mine infrastructure and activities, show 

negative effects to the freshwater environment.  

Potential residual effects from site preparation, construction, and decommissioning activities on 

freshwater water quality may occur. 

4.5.3.2 Winter Roads 

The two interaction pathways for potential effects from winter roads on the freshwater water quality 

VEC are water withdrawals and runoff (during ice off). Water withdrawals for winter roads will follow 

DFO's Protocol for Winter Water Withdrawal from Ice-covered Waterbodies in the Northwest Territories 

and Nunavut (Fisheries and Oceans Canada 2010) and DFO's Operational Statement on Mineral 

Exploration Activities (Fisheries and Oceans Canada 2009). Withdrawals will be limited to less than 10% 

of the total under-ice volume. Project effects from winter roads through runoff will be mitigated by:  

o being constructed during the winter months; 

o application of the BMP for the construction of ice bridges and winter roads (Fisheries and 

Oceans Canada 2009);  

o by the maintenance and repair of any potential leaks of fuels and petroleum hydrocarbons 

(Fuel Management Plan; Volume 10, Chapter 4); and 

o the BMP for refueling and the operation of vehicles on the winter roads (Road Management 

Plan; Volume 10, Chapter 14). 
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The effects from winter roads on the VEC freshwater water quality through the water withdrawal and 

runoff pathways were predicted to be negligible because winter road operations will be in compliance 

with regulations and guidelines. Thus, no residual effects from winter roads are predicted on the VEC 

freshwater water quality. 

4.5.3.3 Site Contact Water 

Runoff is the interaction pathway for site contact water. The primary mitigation measure will be to 

intercept and divert site contact water before it reaches the freshwater environment (Site Water 

Monitoring and Management Plan; Volume 10, Chapter 7). Infrastructure will be designed such that its 

footprint is minimized to limit the changes to local drainage patterns. All roads and surfaces will be 

constructed using geochemically suitable material (i.e., non-acid-drainage-generating rock; 

Metal Leaching and Acid Rock Drainage Management Plan, Volume 10, Chapter 22). Non-contact water 

will be diverted around infrastructure, as much as is feasible, and directed to natural downstream 

drainage networks to maintain local drainage patterns. Site contact water will be directed to the TIA 

(Goose Property Area), WMFs (George Property Area), or collection pond (MLA) and will not contact the 

surrounding freshwater environment. Clean water and snow will be managed such that they do not 

contribute to potentially poor quality water and will be diverted to maintain natural drainage networks 

as much as possible.  

Monitoring and adaptive management will be used to ensure the goals of the Site Water Monitoring and 

Management Plan and Aquatic Effects Management Plan are met (Volume 10, Chapters 7 and 19). 

During construction, all contact water will be monitored and treated to meet CCME guidelines in fish-

bearing receiving environment. Regular inspections of water management facilities will be conducted 

by Environmental Personnel under the Site Water Monitoring and Management Plan (Volume 10, 

Chapter 7). The need for any corrective actions to on-site management or installation of additional 

control measures will be determined on a case-by-case basis. Residual effects on freshwater water 

quality from site contact water may occur. 

4.5.3.4 Mine Contact Water 

Mine contact water will interact with the freshwater water quality VEC through the runoff and discharge 

pathways. The primary mitigation and management measure will be diverting all mine contact away from 

the freshwater environment. All mine contact water from runoff and inflow sources will be collected and 

directed to the TIA (Goose Property Area) and the WMFs (George Property Area) as soon as the water 

management infrastructure is completed in the Construction Phase. The plan to mitigate mine contact 

water includes runoff from WRSAs, ore stockpiles, and tailings stored in the TIA. The TIA has been 

designed as a zero discharge facility, ensuring no potentially poor-quality water will be introduced to the 

freshwater environment while in operation. The WMFs will discharge water that will meet MMER 

discharge criteria to the terrestrial environment and any discharged water will meet CCME criteria at the 

nearest fish bearing receiving waterbody (Project Description, Volume 2; Site Water Monitoring and 

Management Plan, Volume 10, Chapter 7). If necessary during the Reclamation and Closure and 

Post-closure phases, water will be discharged from the TIA and WMFs but any discharge would be treated 

to meet CCME water quality guidelines thus ensuring no negative effects to aquatic life 

(Project Description, Volume 2, Chapter 8; Mine Closure and Reclamation Plan; Volume 10, Chapter 29). 

There is the potential for residual effects from mine contact water on freshwater water quality. 
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4.5.3.5 Water Use 

Water use may affect the VEC freshwater water quality through the water withdrawal pathway. 

The effects of water withdrawals will be mitigated by restricting withdrawals to less than 10% of the 

outflow volume of the source waterbody, with AEMP monitoring (Volume 10, Chapter 19) tracking 

potential changes to freshwater water quality. During summer, the limit to water drawdown will 

prevent water level in Goose Lake from decreasing more than 6 cm/day. During late winter, the limit 

to water drawdown will prevent water level from decreasing below 10 cm under ice (Volume 6, 

Chapter 1). Water withdrawal from Propeller Lake has been designed to avoid effects on critical fish 

habitat. Maximum withdrawal for Propeller Lake was set at 10% of the outflow volume, below the 

maximum permissible withdrawal volume to protect fish habitat (Fisheries and Oceans Canada 2009, 

2010). Withdrawals from Propeller Lake are anticipated to occur during the Operations and the 

Reclamation and Closure phases. A maximum of 1,510 m3/day of water will be withdrawn during most 

of the year with an increase to 2,510 m3/day during freshet in June. Maximum withdrawal for George 

Lake was set at 10% of the outflow volume, below the maximum permissible withdrawal volume for the 

protection of critical fish habitat (Fisheries and Oceans Canada 2009, 2010). During the Site 

Preparation, Construction, Operations, and Closure and Reclamation phases, the maximum water 

withdrawals from George Lake were limited to 45 m3/day for domestic use, and 70 m3/day for 

industrial use. This anticipated reductions in water level in Goose, George, and Propeller lakes in both 

summer and winter are considered negligible and within DFO guidelines (Fisheries and Oceans Canada 

2009, 2010) as ice thickness varies up to 0.2 m among years and locations and water level fluctuates 

more than 0.3 m during the open-water period (Rescan 2012, 2013a). 

Potential effects on the VEC freshwater water quality arising out of water use are predicted to be 

negligible when the designed mitigation measures are followed. Water withdrawals will be managed to 

be less than the 10% of the outflow volumes of the source waterbodies. At this maximum limit, the 

water level of Goose Lake is expected to decrease, but remain within the range of natural variation. 

During summer, the limit to water drawdown will prevent water level from decreasing more than 6 cm/day 

and no effects on the VEC freshwater water quality would be predicted at those withdrawal levels.  

Proposed water withdrawals during the Operations Phase from Goose Lake may reduce the volume in 

the Goose Outflow Stream by up to 21% (Volume 6, Chapter 1). Stream flows can vary more than 

10-fold over a season (Volume 6, Chapter 1), and can vary substantially in response to precipitation 

events in summer. Therefore, the peak reduction in flow in Goose Outflow was predicted to be within 

the natural variation of the hydrograph. Therefore, no residual effects from water use are predicted on 

the VEC freshwater water quality.  

4.5.3.6 Quarries and Borrow Pits 

Quarries will interact with the VEC freshwater water quality through the runoff pathway. 

Mitigation and management measures for the construction and operation of quarries and borrow pits 

will be focused on minimizing the material and compounds potential transported in runoff, and 

minimizing the runoff reaching the freshwater environment (Site Water Monitoring and Management 

Plan - Volume 10, Chapter 7; Borrow Pits and Quarry Management Plan - Volume 10, Chapter 16). 

The materials and compounds in quarry runoff will be minimized by the following measures: 

o quarries will be developed using only geochemically suitable material (Metal Leaching and Acid 

Rock Drainage Management Plan; Volume 10, Chapter 22); and 

o machinery will be maintained and repaired to avoid potential leaks of fuels and petroleum 

hydrocarbons (Fuel Management Plan; Volume 10, Chapter 4). 
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The effects of runoff from quarries will be minimized by the following measures: 

o local drainage patterns will be maintained and the flow of water into the quarry minimized by 

the diversion of non-contact water will be diverted around quarries; and 

o quarries and borrow pits will have water collection and control infrastructure (Borrow Pits and 

Quarry Management Plan; Volume 10, Chapter 16). If the runoff is turbid but chemically-

unaltered, it will be allowed to infiltrate into the ground.  

Runoff will be monitored and managed to ensure the receiving environment will meet CCME water 

quality guidelines. Adjacent waterbodies will be monitored for water quality through the Site Water 

Monitoring and Management Plan (Volume 10, Chapter 7) and the Aquatic Effects Management Plan 

(Volume 10, Chapter 19). Due to the mitigation and management measures, including monitoring and 

adaptive management of quarry runoff, no residual effects from quarries and borrow pits were 

predicted on the VEC freshwater water quality.  

4.5.3.7 Explosives 

Potential effects from explosives will interact with the freshwater environment through the runoff and 

aerial deposition pathways. Deposition of explosives and blasting residues on surfaces, with the subsequent 

possibility of transport in runoff to freshwater environments, will be mitigated and managed by: 

o explosive products will be stored on site in accordance with Territorial and Federal regulations 

(1990; C.R.C., c. 599);  

o the handling and manufacture of explosives will be contracted to a licensed operator;  

o runoff from explosive storage and manufacture facilities will be intercepted and collected 

before reaching the freshwater environment (Site Preparation and Construction phases) or 

diverted to the TIA/WMFs (Operations Phase); and 

o BMP will be adopted for blasting and the handling of explosives to avoid spillage and minimize 

ammonium and nitrate residues after blasting. 

The BMP for explosives use will manage dust and excess blasting residues (Explosives Management Plan; 

Volume 10, Chapter 13). Blasting residues will be monitored in Project lakes through the AEMP 

(Volume 10, Chapter 19) and Site Water Monitoring Program (Volume 10, Chapter 7).  

No effects were predicted from the storage, manufacture, and transport of explosives during all phases 

of the Project because of the mitigation and management measures. Explosives will be used during 

Operations and Reclamation and Closure phases, primarily for mining operation, with minor quarry and 

borrow pit activities for maintenance materials and potential closure activities. However, all contact 

water will be diverted to the water management facilities and therefore any blasting residues will be 

diverted to these facilities and not to the freshwater environment.  

Due to the mitigation and management measures, including the monitoring and management plans, no 

residual effects from explosives in runoff were predicted on the VEC freshwater water quality. 

The effects from blasting residues on water quality through the aerial deposition pathway was 

predicted to be negligible due to the mitigation and management measures for explosives use and air 

quality (Volume 10, Chapters 13 and 17). The quantity of explosives will be designed to minimize the 

generation of dust and further dust management measures will minimize the transport of any 

generated dust particles. Hence, there are no anticipated residual effects from the use, storage, and 

transportation of explosives on the VEC freshwater water quality. 
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4.5.3.8 Fuels, Oils, and PAH 

The fuels, oils, and PAH Project interaction group activities will interact with the freshwater 

environment through runoff and aerial deposition (for PAH). The mitigation and management measures 

for runoff are focused on preventing hydrocarbons from being transported in runoff and may consist of 

the follow measures: 

o machinery will be routinely inspected for leaks and refuelling will occur, when feasible, at a 

designated refuelling point with drainage capture/collection installed. In the event that 

refuelling occurs elsewhere, drip trays may be used under vehicles and equipment;  

o appropriate secondary containment systems will be used for petroleum product storage tanks 

to prevent spills and releases to water, including the prevention of diesel release from pickups 

carrying tidy-tanks; 

o bulk fuel storage areas and hazardous materials storage areas will be bermed and lined with 

impermeable barriers to minimize leaks and spills; and 

o Oily water treatment plants at equipment maintenance facilities will be used to minimize 

water and surface hydrocarbon compounds.  

In the event that hydrocarbons are transported in runoff, runoff from camp pads, laydown areas, and 

waste management areas will be directed to the water management structures (TIA, WMFs, or MLA 

collection pond) and will not be discharged into the freshwater environment. Prior to the completion of 

the water management infrastructure during the Site Preparation and Construction phases, runoff will 

be collected in sumps and discharged only if it meets water quality standards. Fuels, oils, and PAHs will 

be managed under the Fuel Management Plan (Volume 10, Volume 4) and the Hazardous Materials 

Management Plan (Volume 10, Chapter 12). 

For the aerial deposition pathway, the primary mitigation measure will be the efficient operation of 

the incinerator (Incineration Management Plan; Volume 10, Chapter 11). The operation of the 

incinerator will comply with Nunavut guidelines (Government of Nunavut 2012), Canada-Wide 

Standards for Dioxins and Furans (CCME 2001) and Canada-Wide Standards for Mercury Emissions (CCME 

2000). Management measures will include the following:  

o a waste segregation program will be implemented (i.e., materials that are unsuitable for 

incineration, e.g., chlorinated plastics, will be diverted to alternate waste disposal facilities);  

o personnel will be properly trained in incinerator operations; and 

o stack testing during commissioning and adaptive management to ensure compliance with standards. 

Project activities related to fuels and other petroleum hydrocarbons were predicted to have negligible 

effects on the VEC freshwater water quality through the runoff and aerial deposition pathways because 

of the proposed mitigation and management measures. No hydrocarbon compounds or sediments from 

Project activities in the camps, laydown areas, fuel areas, or waste storage areas were predicted to 

reach the freshwater environment because of the BMPs for machinery operation, maintenance, and 

fueling, and the direction of runoff carrying potential compounds to the water management facilities. 

The incinerator will be operated according to guidelines and standards, and therefore negligible aerial 

deposition of PAH into the freshwater environment were predicted. Therefore, no residual effects from 

fuels, oils, and PAHs are predicted on the VEC freshwater water quality. 
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4.5.3.9 Treated Sewage Discharge 

The pathway of interaction between treated sewage and the freshwater environment is discharge. 

No sewage effluent will be discharged to the freshwater environment during any phase of the Project 

(Landfill and Waste Management Plan; Volume 10, Chapter 10 of the DEIS). Instead, treated sewage 

effluent will be discharged on-land at approved sites at Goose and George Properties and the MLA. 

Thus, it is anticipated there will be no residual effects from treated sewage discharge on the VEC 

freshwater water quality.  

4.5.4 Characterization of Residual Effects 

In Section 4.5.3, nine potential effects were evaluated for whether they would result in residual 

effects after mitigation. Residual effects are those effects predicted to remain after the application of 

mitigation and management. Three of these potential effects were identified as residual effects: 

1) Site preparation, construction, and decommissioning activities; 2) site contact water; and 3) mine 

contact water. The significance of these residual effects is evaluated below. Each residual effect is 

described in this section in terms of eight descriptors (Volume 9; Chapter 1), including: direction, 

magnitude, duration, frequency, geographic extent, reversibility, probability, and confidence. 

The magnitude of the residual effect was evaluated by using the information in Table 4.5-1. 

Table 4.5-2 provides a description of the significance ratings used for residual effects.  

4.5.4.1 Site Preparation, Construction, and Decommissioning Activities 

The mitigation and management measures were predicted to be effective and minimize potential 

effects from runoff associated with site preparation, construction, and decommissioning activities. 

The use of only geochemically suitable material for construction of roads and pads will eliminate the 

potential for acid-rock drainage (Metal Leaching and Acid Rock Drainage Management Plan; Volume 10, 

Chapter 22). The proposed mitigation and management measures will minimize the quantity of 

material transported in runoff (e.g., TSS, metals) and the likelihood of runoff reaching the freshwater 

environment. Some runoff into nearby waterbodies could be possible during the early stages of site 

preparation and construction (Site Preparation and Construction phases) before water management 

structures are fully operational (e.g., TIA, WMFs, sediment ponds, and diversion ditches). Once the water 

management structures are in place, any runoff from cleared areas is expected to be fully mitigated.  

Water transferred during dewatering activities will meet a TSS or turbidity threshold equivalent to the 

MMER limit for TSS (15 mg/L). This threshold is less than the CCME water quality guideline for TSS and 

any increase in the TSS due to the discharge of water during dewatering would be transient and 

restricted to the PDA. In addition, any increases in sediment concentrations from the construction of 

retention dykes would likely be transient and restricted to the PDA. 

Residual effects from site preparation, construction, and decommissioning activities are predicted on 

the VEC freshwater water quality during the Site Preparation and Construction phases when water 

management features are in the process of being constructed and commissioned. Only small amounts of 

runoff would be expected to reach the surrounding waterbodies while the water management features 

are being constructed. The extensive mitigation and management measures incorporating design, 

BMPs, and adaptive management are predicted to minimize the transport of sediments through runoff 

into the freshwater environment. Water transferred during dewatering activities will meet a TSS or 

turbidity threshold equivalent to the MMER limit for TSS (15 mg/L). This threshold is less than the CCME 

water quality guideline for TSS and any increase in the TSS due to the discharge of water during 

dewatering would be transient and restricted to the PDA. In addition, any increases in sediment 

concentrations from the construction of retention dykes would likely be transient and restricted to the PDA. 
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The predicted magnitude of the residual effect from all site preparation, construction, and 

decommissioning activities was low. 

The magnitude of the residual effect was evaluated in the context of the final receiving environment 

for fish-bearing waters with respect to the thresholds given by the CCME water quality guidelines. 

Upstream sources close to site preparation, construction, and decommissioning activities may have 

higher TSS concentrations, but the residual effects were evaluated for the nearby fish-bearing 

environments. Baseline freshet flows in the Project area had TSS concentrations ~10 mg/L greater than 

average TSS concentrations (~1.8 mg/L; Section 4.1.7.2), which suggest that periodic high-sediment 

conditions are a feature of the freshwater environment. Therefore, the effects on the VEC freshwater 

water quality from site preparation, construction, and decommissioning activities were predicted to be 

within natural variation and less than CCME water quality guidelines because of the mitigation and 

management measures and natural variability. 

The effects were predicted to be footprint (within the PDA) or local (restricted to the LSA), short-term 

in duration, and sporadic as runoff would only occur during snowmelt and large precipitation events. 

The freshwater environment has the capacity to recover and the effects were predicted to be fully 

reversible. The probability of occurrence was estimated to be moderate due to the uncertainties 

related to precipitation, and confidence was high because of the quantitative input from the baseline 

environmental data, the predictable nature of this potential effect, and the confidence in the 

mitigation and management strategies.  

Overall, the residual effect of site preparation, which describes the disturbance of the landscape due 

to the construction and reclamation of Project infrastructure, is predicted to be Not Significant on the 

VEC freshwater water quality. 

4.5.4.2 Site Contact Water 

The mitigation and management measures were predicted to be effective and minimize the potential 

effects from runoff associated with site contact water. Once the site water management infrastructure 

is complete (Site Water Monitoring and Management Plan; Volume 10, Chapter 7), all site contact 

water will be diverted to the water management facilities and will not contact the freshwater 

environment. Therefore, no residual effects on the VEC freshwater water quality from site contact 

water were predicted during the Operations, Temporary Closure, Care and Maintenance, and 

Reclamation and Closure phases. However, Project activities will occur when the site water 

management infrastructure is not functional (e.g., before commissioning during the Site Preparation 

and Construction phases). Some runoff into nearby waterbodies could be possible during this period; 

therefore, residual effects from site contact water are predicted on the VEC freshwater water quality 

during the Site Preparation and Construction phases when the water management features are in the 

process of being constructed and commissioned.  

Site contact water was predicted to have no residual effects on the VEC freshwater water quality 

during the subsequent Project phases because of the comprehensive site water management that will divert 

all site contact water (from roads, pads, buildings, and infrastructure) to the water management facilities.  

Only during Site Preparation and Construction would site contact water potentially reach the 

freshwater environment, and only small amounts of runoff would be expected to reach the surrounding 

waterbodies while the water management features were being constructed. In the event that site 

contact water did contact the freshwater environment, the water quality indicators were predicted to 

be within the range of natural variation and within CCME water quality guidelines (as discussed in 

Section 4.5.5.1), so the predicted magnitude of the residual effect was low. The effects were 
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predicted to be footprint (within the PDA) or local (restricted to the LSA), short-term in duration 

because the potential effects would be confined to the Site Preparation and Construction phases, and 

sporadic as runoff would only occur during snowmelt and large precipitation events. The freshwater 

environment was predicted to be resilient and the effects were predicted to be fully reversible. 

The probability of occurrence was estimated to be moderate due to the uncertainties related to 

precipitation, and confidence was high because of the quantitative input from the baseline 

environmental data and the confidence in the mitigation and management strategies. 

The residual effect of site contact water on the VEC freshwater water quality is predicted to be 

Not Significant. 

4.5.4.3 Mine Contact Water 

The mitigation and management measures were predicted to be effective and minimize the potential 

effects from runoff and discharge associated with mine contact water. Once the site water 

management infrastructure is complete (Site Water Monitoring and Management Plan; Volume 10, 

Chapter 7), all mine contact water, including underground water and runoff from WRSAs, will be 

diverted to the water management facilities and will not contact the freshwater environment. 

The effects on mine contact water on freshwater water quality were predicted to be negligible 

because of the diversion of all mine contact water, including runoff from WRSAs, to the water 

management structures. Therefore, no residual effects from mine contact water are predicted on the 

VEC freshwater water quality during the Operation Phase.  

However, Project activities will occur when the site water management infrastructure is not functional 

(e.g., before commissioning during the Site Preparation and Construction phases and after 

decommissioning in the Reclamation and Closure and Post-closure phases). Some interaction with nearby 

waterbodies could be possible during this period; therefore, residual effects from site contact water are 

predicted on the VEC freshwater water quality during the Site Preparation and Construction phases 

when the water management features are in the process of being constructed and commissioned, and 

possibly during the Reclamation and Closure phase. The current site water management and closure 

plans are conceptual and will be further developed with the Feasibility Study. Assessments supporting 

FEIS may necessitate both quantitative (such as modelling) and qualitative predictions. 

Mine contact water may interact with the freshwater environment during the Site Preparation, 

Construction, and Reclamation and Closure phases. Mine contact water will be monitored and 

managed, and treated if necessary, to ensure it will meet MMER discharge limits if applicable and 

CCME guidelines once water enters fish-bearing receiving environments (Project Description, Volume 2, 

Chapter 8; Mine Closure and Reclamation Plan; Volume 10, Chapter 29). Water quality indicators will 

therefore be within CCME water quality guidelines (as discussed in Section 4.5.5.1), so the predicted 

magnitude of the residual effect was low. The effects were predicted to be footprint (within the PDA) 

or local (restricted to the LSA), medium-term in duration, and sporadic as runoff or discharge would 

only occur during snowmelt and large precipitation events. The freshwater environment was predicted 

to be resilient and the effects were predicted to be fully reversible. The probability of occurrence was 

estimated to be moderate due to the uncertainties related to precipitation, and confidence was 

medium because of the quantitative input from the baseline environmental data and the confidence in 

the mitigation and management strategies. 

The residual effect of mine contact water on the VEC freshwater water quality is predicted to be 

Not Significant. 
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4.5.5 Significance of Residual Effects 

Three residual effects for the VEC freshwater water quality were assessed and resulted in the following 

significance ratings: 

o site preparation, construction, and decommissioning activities – rated Not Significant; 

o site contact water – rated Not Significant; and 

o mine contact water – rated Not Significant. 

The criteria used in the determination of the significance of each residual effect is detailed in 

Section 4.5.4 and summarized in Table 4.5-7. 

4.6 POTENTIAL CUMULATIVE EFFECTS ASSESSMENT 

4.6.1 Methodology Overview 

The potential for cumulative effects arises when residual effects of the Project affect (i.e., overlap 

and interact with) the same resource/receptor that is affected by the residual effects of other past, 

existing or reasonably foreseeable projects or activities. When residual effects were identified for the 

Project, the Cumulative Effects Assessment (CEA) followed the process detailed in the General 

Methodology for Project Effects Assessment (Volume 9, Chapter 1) and is comprised of the following steps: 

1. Undertaking a scoping exercise to identify the potential for Project-related residual effects to 

interact with residual effects from other human activities and projects within a specified 

CEA boundary. For freshwater water quality, the boundary is the freshwater environment RSA. 

2. Identifying and predicting potential cumulative effects that may occur and implementing 

additional mitigation measures to minimize the potential for cumulative effects where possible. 

3. Identifying cumulative residual effects after the implementation of mitigation measures. 

4. Determining the significance of any cumulative residual effects.  

The cumulative residual effects were analyzed using the same criteria as the Project-related effects 

assessment (Section 4.5.1): direction, magnitude, duration, frequency, geographic extent, 

reversibility, probability of occurrence, and confidence in the analyses and conclusions. The magnitude 

of potential cumulative effects applied the same criteria as the Project-related effects assessment 

(Table 4.5-1). Using a weight of evidence and relative ranking approach, combined with best 

professional judgement, the cumulative residual effect was characterized as either significant (S), not 

significant (N), or positive (P) in the same manner as the Project-related effects assessment 

(Table 4.5-2).  

Past, existing, and reasonably foreseeable major projects with potential residual effects that occur 

within the RSA for the VEC freshwater water quality were considered and are listed in Table 3.4-1 in 

the Effects Assessment Methodology (Volume 9, Chapter 1). The list includes projects within Nunavut 

and the Northwest Territories to consider the outermost spatial boundary, and reflects a 

comprehensive evaluation of potential interactions. As per the EIS guidelines (NIRB 2013), the list of 

projects considered conforms to the requirement to consider a larger spatial boundary for the CEA as 

well as a longer temporal scale. 

 



 

 

Table 4.5-7.  Summary Table of Predicted Residual Effects and Overall Significance Rating 

Description of 

Residual Effects Project Phase 

Significance Criteria Likelihood of Occurrence Overall Significance Rating 

Direction Magnitude Duration Frequency Extent Reversibility Probability Confidence Significance 

Site Preparation, 

Construction, and 

Decommissioning 

Activities 

Site Preparation, 

Construction  

Negative Low Short-term Sporadic Local Reversible Moderate Medium Not 

Significant 

Site Contact 

Water 

Site Preparation, 

Construction  

Negative Low Short-term Sporadic Local Reversible Moderate Medium Not 

Significant 

Mine Contact 

Water 

Site Preparation, 

Construction, 

Reclamation and 

Closure, and Post-

closure 

Negative Low Medium-

term 

Sporadic Local Reversible Moderate Medium Not 

Significant 
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The expected timing and duration of Project-related residual effects was compared with that of 

residual effects from other past, existing, and future human activities to identify temporal overlap. 

As identified in the EIS guidelines (NIRB 2013), a longer timeline than the development and operations 

phases of the Project were considered. 

The following periods were identified and evaluated as the temporal boundary for the CEA for 

freshwater water quality: 

o Past — The year 2001 was selected as the historical temporal boundary, representing a time 

when rigorous baseline studies and activities first occurred in the CEA study areas. Effects of 

past activities were captured in baseline studies. 

o Existing — Projects and activities undergoing construction or operating concurrently with the 

Back River Project. 

o Foreseeable Future — The future temporal boundary for cumulative effects on freshwater 

water quality was determined to be a function of the expected resiliency of the freshwater 

environment with respect to residual Project effects. All residual effects were predicted to be 

short-term (< 5 years) in duration except the residual effect of dust deposition that were 

predicted to be medium-term (< 20 years). Therefore, the future temporal boundary for the 

cumulative effects assessment was set at 20 years. 

4.6.2 Potential Interactions of Residual Effects with Other Projects 

The following residual Projects effects on freshwater water quality were identified: 

o Site preparation, construction, and decommissioning activities; 

o Site contact water; and 

o Mine contact water. 

The spatial boundary of the CEA is the freshwater water quality RSA (see Section 4.4.1). The temporal 

boundary for the CEA is any past, present, or reasonably foreseeable future projects (see list of 

projects in Volume 9, Chapter 1). The only project that could interact with the Back River Project 

freshwater water quality residual effects is the proposed Bathurst Inlet Port and Road project. 

There is no predicted spatial overlap between the Project residual effects that were confined to the 

freshwater water quality LSA and any potential effects from the Bathurst Inlet Port and Road Project, 

which would be confined to the proposed road corridor in the far northwestern portion of the George 

Property RSA (Figure 4.4-1). Therefore, no potential cumulative effects on the VEC freshwater water 

quality were predicted. 

4.7 TRANSBOUNDARY EFFECTS 

All residual Project effects to freshwater quality were confined to the LSA, which lies entirely within 

Nunavut; therefore, no transboundary residual effects from Project activities on the VEC freshwater 

water quality were predicted. 

4.8 MITIGATION AND ADAPTIVE MANAGEMENT 

Mitigation and management measures will be used to eliminate or minimize Project effects on the VEC 

freshwater water quality. The measures include mitigation by Project design, conformity to existing 

regulations and guidelines, BMP, and the application of monitoring and adaptive management plans. 

The specific mitigation and management measures for freshwater water quality are shown in Table 4.8-1. 
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Mitigation and management measures for other aspects of the Project, such as air quality and site 

water management, are detailed in Volume 10 of the DEIS, and detailed in the following plans: 

o Site Water Monitoring and Management Plan (Volume 10, Chapter 7); 

o Fuel Management Plan (Volume 10, Chapter 4); 

o Spill Contingency Plan (Volume 10, Chapter 5); 

o Ore Storage Plan (Volume 10, Chapter 8); 

o Mine Waste Rock and Tailings Management Plan (Volume 10, Chapter 9); 

o Landfill and Waste Management Plan (Volume 10, Chapter 10); 

o Incineration Management Plan (Volume 10, Chapter 11); 

o Hazardous Materials Management Plan (Volume 10, Chapter 12); 

o Explosives Management Plan (Volume 10, Chapter 13); 

o Road Management Plan (Volume 10, Chapter 14); 

o Borrow Pits and Quarry Management Plan (Volume 10, Chapter 16); 

o Air Quality Monitoring and Management Plan (Volume 10, Chapter 17); 

o Metal Leaching and Acid Rock Drainage Management Plan (Volume 10, Chapter 22); and 

o Mine Closure and Reclamation Plan (Volume 10, Chapter 29). 

Table 4.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Water Quality 

Mitigation Category Mitigation Measures 

1. Mitigation by Project Design 

 Only geochemically suitable rock quarries and borrow sources will be used to construct roads, 

pads, and structures. 

 Contact water will be directed to the TIA (Goose Property Area), Water Management Facility 

(George Property Area), or collection pond (MLA).  

Infrastructure and waste rock storage areas at the George Property have been confined to the 

local watersheds where the deposits are located, thereby confining potential influences on 

water and sediment quality to the local drainage areas. 

Infrastructure will be located, whenever feasible, on competent bedrock or appropriate base 

material that will limit permeability and transport of potentially poor quality water into the 

active layer and ultimately to the freshwater environment. 

The TIA has been designed as a zero discharge facility, ensuring no potentially poor quality 

water is introduced to the freshwater environment. 

The design of haul roads has been optimized to minimize the distance travelled, which will 

reduce dust deposition (and hence potential influence on water and sediment quality) associated 

with construction and operation. 

The Project has been designed to use winter road only access corridors thereby limiting dust 

emissions, limiting stream crossings, and instream works, and hence the potential influence on 

water and sediment quality. 

Erosion potential will be reduced by working during periods of low runoff as much as possible. 

Diversion of water will only occur at approved sources licensed for this function and during the 

temporal limits of the license. 

Water will be recycled / reused where possible. 

Outlets will have a diffuser or be located in an area not subject to erosion from outflows. 

(continued) 
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Table 4.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Water Quality (continued) 

Mitigation Category Mitigation Measures 

2. Regulatory Requirements 

 MAC code/guidelines for design construction, operation, inspection/auditing of tailings 

management facilities 

  The operation of incinerators will comply with Nunavut standards, Canada-Wide Standards for 

Dioxins and Furans and Canada-Wide Standards for Mercury emissions. Modern incineration 

equipment will be installed to minimize airborne contaminant loading of polycyclic aromatic 

hydrocarbons. 

  Culvert maintenance will be conducted following the DFO Nunavut Operational Statement for 

Culvert Maintenance (DFO Nunavut Operational Statement: Culvert Maintenance, version 3.0 

(2007)). 

 Instream work will be conducted during approved timing windows presented in the DFO Nunavut 

Operational Statement for Timing Windows. (DFO Nunavut Operational Statement: Timing 

Windows, version 3.0 (2007)). 

  Site road crossings will be constructed according to the DFO Nunavut Operational Statement for 

Clear Span Bridges (DFO Nunavut Operational Statement: Clear Span Bridges, version 3.0 (2007)). 

  Temporary stream crossings will be constructed according to the DFO Nunavut Operational 

Statement for Temporary Stream Crossings (DFO Nunavut Operational Statement: Temporary 

Stream Crossing, version 1.0 (2007)). 

  Winter road construction will follow the DFO Nunavut Operational Statement for Ice Bridges and 

Snow Fills (DFO Nunavut Operational Statement: Ice Bridges and Snow Fills, version 3.0 (2007)). 

  Water withdrawal will follow permit conditions. 

3. Best Management Practices 

 Clean water and snow will be managed such that they do not contribute to potentially poor 

quality water and will be diverted to maintain natural drainage networks as much as possible. 

  Potentially poor quality site water (runoff from waste rock storage areas, ore stockpiles, mine 

contact water) will be directed during operations to the TIA (Goose Property Area), Water 

Management Facilities (George Property Area), or collection pond (MLA).  

  Sewage will be treated, and treated sewage effluent will be discharged to the tundra. 

  Bulk fuel storage areas, hazardous materials storage areas, and explosives storage facilities will 

be bermed and lined with impermeable barriers to minimize leaks and spills reaching the 

freshwater environment. 

 Modern incineration equipment will be installed to minimize airborne contaminant loading of 

dioxins, furans, and polycyclic aromatic hydrocarbons. 

  Non-contact water will be diverted around infrastructure, as much as feasible, and directed to 

natural downstream drainage networks. 

 Oily water treatment plants at equipment maintenance facilities will be used to minimize water 

and surface hydrocarbon contaminants. 

  Disposal of excavated material will be in a location above the high water mark to ensure that 

this material does not enter the watercourse. 

  Efforts shall be made to minimize the duration of any instream works and minimize disturbance 

of riparian vegetation at stream crossings. 

  Prevent the release of sediment or sediment laden water into water frequented by fish. 

  Regular inspections will be conducted to ensure erosion and sediment control measures are 

functioning properly; all necessary repairs and adjustments will be conducted in a timely manner. 

(continued) 
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Table 4.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Water Quality (continued) 

Mitigation Category Mitigation Measures 

3. Best Management Practices (cont’d) 

 The dewatering of Llama Lake, or other waterbody, will follow an approved dewatering plan 

whereby water will not be discharged to the receiving environment if it does not meet approved 

criteria. Any poor quality water will be retained, discharged to the TIA or other appropriate 

holding facility. 

 Exposed landscape surfaces will be protected, where possible, by the installation of covering 

material like riprap, aggregate, or rolled erosion control products. 

  If water held in control devices is turbid but chemically-unaltered, it may infiltrate to the 

ground rather than storing it in an excavation.  

  Runoff will be controlled where applicable by a combination of measures, which include: 

• slope texturing/grading to slow runoff and reduce effect slope lengths; 

• installation of synthetic permeable barriers and/or fibre rolls to reduce runoff velocities and 

retain sediments; and 

• check dams, gabions, and energy dissipation structures to reduce flow velocities in channels. 

  Sediment loading in runoff may be minimized by the application of measures to intercept TSS 

before it reaches the freshwater environment. Sediment control measures may include: 

• preservation of riparian zones to trap sediment and to reduce flow velocities; and 

• stockpiles will be located well away from watercourses. 

  Visual monitoring will be conducted by the Environmental personnel on a regular basis to ensure 

drainage and erosion controls are effective. 

  Construct ice bridge and snow fill approaches using clean, compacted snow and ice to a 

sufficient depth to protect banks of lakes, rivers or streams. 

  Vehicular access across a watercourse or waterbody will be by road or bridge, or other 

acceptable method according to DFO Operational Statements and Standards and Best Practices 

for Instream Works. 

 All temporary works, silt curtains, construction material or debris, etc. are to be completely 

removed from the waterway when work is completed. 

  Appropriate secondary containment systems will be used for petroleum product storage tanks to 

prevent spills and releases to water. This includes prevention of diesel release from pickups 

carrying tidy-tanks. 

  Refueling and maintenance activities will not occur within 30 m of a watercourse or waterbody 

except where required due to equipment breakdown or approved activities near water. 

  Refueling will occur at a refueling point with drainage capture/collection installed; in the event 

that refueling occurs elsewhere, drip trays will be used under vehicles and equipment. 

4. Adaptive Management 

 The need for any corrective actions to on-site management or installation of additional control 

measures will be determined on a case-by-case basis. Indications of the need for corrective 

actions and additional control measures may include: 

• if results from the Surveillance Network monitoring program (which will be outlined in the 

future Type A Water License) show non-compliance; or 

• if results from the Aquatic Effects Monitoring Program, which will monitor the receiving 

environment around the mine infrastructure and activities, show negative effects to the 

freshwater environment. 

(continued) 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 6: FRESHWATER ENVIRONMENT 

4-62 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

Table 4.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Water Quality (completed) 

Mitigation Category Mitigation Measures 

5. Monitoring 

 An Aquatic Effects Monitoring Plan will be in place that outlines the Aquatic Effects Monitoring 

Program (AEMP) that will be carried out during all phases of the Project. The AEMP will include 

the following: 

• monitoring a network of lakes and streams within the Goose and George Properties at 

locations potentially affected by the Project and at reference areas well away from Project 

activities; 

• monitoring lake and stream water quality, sediment quality, and aquatic biology; 

• monitoring fish populations and fish tissues; and 

• if effluent(as defined in MMER regulations; SOR/2002-222) is discharged to the environment, 

then additional sampling for MMER requirements will be conducted (effluent 

characterization, acute toxicity testing, site characterization studies (including surface 

hydrology), sublethal toxicity testing). 

  Regular inspections of water management facilities will be conducted by Environmental Personnel. 

  There will be a Site Surveillance Network Monitoring Program that will be outlined in the future 

Type A Water License. This Program will consist of all of the site compliance monitoring that will 

be required for managing/moving and releasing water from all potential containment areas.  

4.9 PROPOSED MONITORING PROGRAMS 

4.9.1 Conceptual Aquatic Effects Management Plan 

The Aquatic Effects Management Plan describes the specific measures that will be taken to minimize or 

eliminate potential negative effects on the freshwater environment. The Plan includes the following 

components: 

o planning and implementation processes for the Plan, including personnel and their responsibilities; 

o mitigation and adaptive management measures; 

o the Aquatic Effects Monitoring Program (AEMP; Volume 10, Chapter 19); and 

o processes for adaptive management, checking, recordkeeping, reporting, and QA/QC. 

The AEMP will monitor the receiving aquatic environment around Project infrastructure and activities. 

Results from the AEMP will be used to determine if existing mitigation and management measures are 

adequate and will provide an opportunity for adaptive management on an annual basis. It is anticipated 

that the AEMP will be a requirement of the future Type A Water Licence for the Project. The AEMP has 

also been designed to meet the requirements of Environmental Effects Monitoring (EEM) guidelines as 

required by the Metal Mining Effluent Regulations (MMER) in case of discharges from the water 

management infrastructure into the freshwater receiving environment. 

4.10 IMPACT STATEMENT 

Ten potential effects were identified for the VEC freshwater water quality as a result of the Project: 

site preparation, construction, and decommissioning activities; winter roads; site contact water; mine 

contact water; water use; quarries and borrow pits; explosives; fuels, oils, and PAH; treated sewage 

discharge; and dust deposition. 



FRESHWATER WATER QUALITY 

SABINA GOLD & SILVER CORP. 4-63 

Potential effects were characterized using key indicators and quantitative thresholds as well as 

experience from other Northern projects and best professional judgement. Mitigation and management 

measures were described and their effectiveness was evaluated in the process of identifying residual 

effects. Three residual effects were identified after mitigation and management:  

o site preparation; 

o site contact water; and 

o mine contact water.  

Using the thresholds identified for the key indicators, each of these residual effects were rated with 

low magnitude and ultimately were rated as Not Significant because of the implementation of the 

mitigation and management measures outlined in the Aquatic Effects Management Plan (Volume 10, 

Chapter 19), the Site Water Monitoring and Management Plan (Volume 10, Chapter 7), and many other 

management plans in Volume 10. All residual effects to freshwater water quality were predicted to be 

restricted to the LSA. Residual effects are expected to be reversible with water quality returning to 

baseline conditions because of the resiliency of the freshwater environment to the predicted residual 

Project effects. 

No interactions between other projects and the Back River Project freshwater water quality residual 

effects were expected and no cumulative effects were predicted to occur. 

4.11 SUPPORTING AND SUPPLEMENTAL INFORMATION 

This section provides information requested in the EIS guidelines (NIRB 2013) relating to water quality 

that was not included in the previous sections of this chapter. The EIS guidelines requested in 

Section 8.1.7.2: 

…For any water sources identified as being current or future drinking water sources, 

compare concentrations of contaminants to relevant territorial drinking 

standards/guidelines and/or Health Canada Drinking Water Guidelines (NIRB 2013). 

4.11.1 Drinking Water Baseline 

The current Project Description includes the drinking water sources for the Project (Table 4.11-1; 

Volume 2). The existing exploration camps are currently using Goose and George lakes as potable water 

sources, and have not experienced any drinking water quality issues with these sources. Current water 

quality data are available for Goose and George lakes. Potable water is currently treated prior to use 

for human consumption. This procedure will continue throughout the mine life. Drinking water for the 

MLA camp would come from a desalination unit using Bathurst Inlet water. The desalinization plant will 

be operated according the manufacturers requirements and the produced potable water will meet 

drinking water standards. 

Table 4.11-1.  Drinking Water Sources for Back River Project 

Project Area Proposed Drinking Water Source 

Goose Property Area Goose Lake 

George Property Area George Lake 

Marine Laydown Area Bathurst Inlet (desalinated water) 
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All available water quality baseline data for George (n = 113) and Goose (n = 126) lakes are summarized 

in Table 4.11-2 along with the Canadian drinking water quality guidelines (Norecol Dames and Moore 

1993, 1997; Health Canada 2012; Rescan 2012, 2013a, 2013c).  

The mean baseline concentrations of all guideline metals were below the Canadian drinking water 

quality guidelines (Table 4.11-2). Only the 95th percentile of baseline concentrations of aluminum and 

iron at George Lake were greater than Health Canada’s drinking water quality guidelines. All other 

metal concentrations were below the guidelines. High concentrations of aluminum and iron in George 

Lake are natural occurrences. The guideline for aluminum is an operational guideline for the use of 

aluminum salts as a coagulation agent for drinking water treatment and not a health-based 

concentration. Health Canada comments that the current weight of evidence does not indicate 

negative health effects at aluminum levels found in drinking water. The guideline for iron is an 

aesthetic objective based on taste and staining, but no evidence exists of dietary iron toxicity in the 

general population. Therefore, the drinking water sources that are currently being used for exploration 

activities will continue to provide safe drinking water for the proposed Project. 

 



 

 

Table 4.11-2.  Baseline Metal Concentrations in Lakes Used as Drinking Water Source 

Metals 

Drinking Water 

Guidelines1 (mg/L) 

Detection Limits 

(mg/L) 

George Lake2 Goose Lake3 

Mean Baseline Total 

Concentration (mg/L) 

95th Percentile of Baseline 

Concentration (mg/L) 

Mean Baseline Total 

Concentration (mg/L) 

95th Percentile of Baseline 

Concentration (mg/L) 

Aluminum 0.1 0.003-0.02 0.0445 0.207 0.0236 0.0694 

Antimony 0.006 0.00005-0.002 <0.002 <0.002 <0.002 <0.002 

Arsenic 0.010 0.00005-0.0004 <0.0004 0.000603 <0.0004 <0.0004 

Barium 1 0.00005 0.00332 0.00563 0.00808 0.0137 

Beryllium - 0.00001-0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Bismuth - 0.0005-0.002 <0.002 0.00230 <0.002 <0.002 

Boron 5 0.005 0.0121 0.0328 0.00606 0.0151 

Cadmium 0.005 0.00001 0.0000106 0.0000300 <0.00001 0.0000273 

Calcium - 0.02 6.34 11.6 3.89 6.50 

Chromium 0.05 0.0001-0.0005 <0.0005 0.00163 <0.0005 0.000730 

Cobalt - 0.0001-0.0004 0.000637 0.00136 <0.0004 <0.0004 

Copper 1 0.0001-0.0005 0.00190 0.00275 0.00203 0.00375 

Iron 0.3 0.01 0.0683 0.337 0.0340 0.0703 

Lead 0.010 0.00005-0.0003 0.000425 0.00129 <0.0003 0.000421 

Lithium - 0.005 <0.005 <0.005 <0.005 <0.005 

Magnesium - 0.005 2.36 3.84 1.81 2.91 

Manganese 0.05 0.00005 0.0122 0.0314 0.00394 0.00876 

Mercury 0.001 0.00001-0.00005 <0.00005 <0.00005 <0.00005 <0.00005 

Molybdenum - 0.00005-0.0004 <0.0004 <0.0004 <0.0004 <0.0004 

Nickel - 0.001 0.00475 0.00811 0.00494 0.00792 

Phosphorus - 0.3 0.00624 <0.3 0.00485 0.150 

Potassium - 0.05 0.472 0.760 0.452 0.685 

Selenium 0.01 0.00005-0.0002 <0.0002 0.000310 <0.0002 0.000213 

Silver - 0.00001 <0.00001 0.0000125 <0.00001 <0.00001 

(continued) 



 

 

Table 4.11-2.  Baseline Metal Concentrations in Lakes Used as Drinking Water Source (completed) 

Metals 

Drinking Water 

Guidelines1 (mg/L) 

Detection Limits 

(mg/L) 

George Lake2 Goose Lake3 

Mean Baseline Total 

Concentration (mg/L) 

95th Percentile of Baseline 

Concentration (mg/L) 

Mean Baseline Total 

Concentration (mg/L) 

95th Percentile of Baseline 

Concentration (mg/L) 

Sodium - 0.01 0.997 1.67 0.855 1.28 

Strontium - 0.0001-0.0002 0.0232 0.0420 0.0210 0.0363 

Thallium - 0.00005-0.003 <0.003 <0.003 <0.003 <0.003 

Tin - 0.0001-0.002 <0.002 0.00241 <0.002 <0.002 

Titanium - 0.0003-0.01 <0.01 <0.01 <0.01 <0.01 

TSS - 3-4 <4 <4 <4 <4 

Uranium 0.02 0.00001 <0.00001 <0.00001 <0.00001 0.0000110 

Vanadium - 0.00005 0.000243 0.000538 0.000190 0.000500 

Zinc 5 0.001-0.003 0.00698 0.0224 <0.003 0.00485 

Notes: 
1 Health Canada (2012). Guidelines for Canadian Drinking Water Quality Summary Table. Maximum acceptable concentrations and other values. 
2 George Lake sites (n = 15): Centre, North and South. 
3 Goose Lake sites (n = 26): Camp, Centre, Neck, South, Tail New, Tail Old. 

Baseline lake data collected in 1993, 1997, 2011, 2012, 2013 (Norecol Dames and Moore 1993, 1997; Rescan 2012, 2013a, 2013c). 

(-) = no value 

< DL = concentration was less than the method detection limits for that parameter 

Samples where the concentration was below the detection limit were replaced with values of half the detection limit for calculation purposes. 

Shaded values indicate concentrations above Health Canada guidelines. 
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5. Freshwater Sediment Quality 

5.1 EXISTING ENVIRONMENT AND BASELINE INFORMATION 

5.1.1 Overview and Regional Setting 

The Back River Project (the Project) is in the west Kitmeot region of Nunavut in the continuous 

permafrost zone of the continental Canadian Arctic. It is composed of three main areas, the Goose 

Property Area, the George Property Area, and the Marine Laydown Area (MLA; Figure 5.1-1). All areas 

would be connected by winter roads. All proposed infrastructure at the Goose Property lies within the 

Ellis River Watershed. The Ellis River Watershed flows to the northwest and enters the ocean on the 

west side of Bathurst Inlet (see Federal Watershed map in Chapter 1 of this Volume). The Back River 

Watershed lies south of the proposed infrastructure, in the Goose Property Area, and flows to the east, 

eventually entering the Arctic Ocean south of Gjoa Haven. Lakes and streams in the George Property 

Area drain into the Western River Watershed that flows north and enters Bathurst Inlet at its 

southernmost point.  

The freshwater environment Regional Study Area (RSA; see Section 5.4.1 for definition) is characterized 

by extensive networks of lakes and streams within a hummocky landscape with low elevation relief and 

exposed bedrock uplands. Winter is characterized by extreme cold (mean monthly temperatures -33°C) 

and ice cover is present on lakes between October and July. Air temperatures are highest in July, 

reaching a mean monthly temperature of 14°C. Regional meteorological stations report total annual 

precipitation between 125 mm (2009) to 344 mm (2007) for the interval 2006 to 2012 (see Volume 4, 

Chapter 3 for additional information). Ice depths on waterbodies are typically 1.5 to 2 m thick and 

shallow waterbodies (< 1.5 m) freeze to the bottom (Rescan 2011, 2012a, 2013a, 2013b). 

Hydrology in the Back River Project area is snowmelt dominated, with peak flows occurring from early 

May to mid-June in most watersheds. Occasional rainfall-driven high flow events may occur between 

June and September. The climate and the presence of permafrost results in one major flood period 

(freshet) in the June, followed by a rapid return to base flow, and peak flow events throughout the 

rest of the summer and early fall periods in response to storms. Winter flow is absent because of 

negligible groundwater reserves outside of the permafrost and a lack of unfrozen surface water. 

Streams in the Project area are generally small and shallow and during summer tend to have low flow 

and low water levels. Many streams are ephemeral, flowing only during freshet. 

Mean annual temperature may increase in Canada’s North by approximately 2.0ºC for the climate 

normal period for the years 2010 to 2030 (Volume 4, Chapter 3). Over the same time period, 

projections suggest that total annual precipitation could increase from 5 to 8% (Lemmen et al. 2008). 

The projected increase in mean annual air temperatures would lead to effects on the regional 

cryosphere. This would likely include alterations to sea, river, and lake ice regimes and winter snow 

pack, especially during the shoulder seasons of spring and fall, and to permafrost conditions. Studies of 

Arctic freshwater systems in the context of climate change conclude that ice-free seasons will be 

longer resulting in increased evaporation and water temperatures, increased lake stratification, and 

reduced permafrost (Prowse et al. 2006).  
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5.1.2 Proximity to Designated Environmental Areas 

No existing or proposed parks or conservation areas are near the proposed Project. The nearest 

conservation area is the Queen Maud Gulf Migratory Bird Sanctuary approximately 100 km east of 

Bathurst Inlet on the far side of the Kent Peninsula. The Draft Nunavut Land Use Plan has no special 

designation for the region surrounding the George and Goose Property areas, but the caribou calving 

grounds in the region have been designated PSE-R2 (Nunavut Planning Commission 2012). The proposed 

Hiukitak River Cultural Area is on the eastern shore of Bathurst Inlet, 40 km east of Kingaok, 60 km 

northeast of the proposed MLA, and 140 km north of the George Property Area. 

5.1.3 Baseline Study Area 

Freshwater sediment quality baseline studies have been conducted in the streams and lakes in the Back 

River Project area from 2007 to 2013, with the most continuous sampling conducted by Rescan from 

2010 to 2013. Baseline studies in 2007, 2012, and 2013 gathered data from both the George and Goose 

Local Study Areas (LSA), whereas the 2010 and 2011 programs focused on the Goose LSA. Sampling 

conducted near the MLA is covered in the Marine Environment volume (Volume 7). Figures 5.1-2 and 

5.1-3 show the Goose Property and George Property LSAs with the proposed Project infrastructure and 

baseline studies program.  

5.1.4 Baseline Studies 

5.1.4.1 Information Sources 

The baseline data on freshwater sediment quality were compiled from recent site-specific surveys in 

the Project area. The primary sources of baseline sediment quality information used in the DEIS were 

the following reports: 

o Back River Project: 2010 Lake Water and Sediment Quality Baseline Report (Rescan 2011; 

Appendix V6-3A); 

o Back River Project: 2011 Freshwater Baseline Report (Rescan 2012a; Appendix V6-3B); 

o Back River Project: 2012 Freshwater Baseline Report (Rescan 2013a; Appendix V6-3C); and 

o Back River Project: 2013 Freshwater Baseline Report (Rescan 2013b). 

An additional source of supplementary sediment quality data used in this section was: 

o Field Report — Back River Project Freshwater Aquatic Resources 2007 (Gartner Lee Ltd. 2008). 

5.1.4.2 Baseline Study Methods 

Lakes 

Baseline sediment quality data were collected from 30 lakes at 39 lake stations between 2007 and 2013 

(Table 5.1-1; Gartner Lee Ltd. 2008; Rescan 2011, 2012a, 2013a, 2013b). All sediment samples were 

collected using an Ekman grab, although the number of sediment grabs combined to create a single 

replicate varied among sampling years. Replicates were spaced roughly 10 to 40 m apart. Each 

sediment sample was carefully transferred into a rinsed white plastic tray and the top 2 cm of 

sediment was scraped into a bowl, homogenized, and transferred to Whirl-Pak bags. All samples were 

refrigerated in darkness until shipment to ALS Environmental Services Ltd. (ALS; Burnaby, BC) for 

analysis. Baseline sampling methodologies and sampling locations are presented in Table 5.1-1; 

sampling locations are shown on Figures 5.1-2 (Goose LSA) and 5.1-3 (George LSA).  



 

 

Table 5.1-1.  Summary of Lake Sediment Quality Sampling Conducted for the Back River Project 

Year 2007 2010 2011 2012 2013 

Sampling month August August August August July 

Sampling agency Gartner Lee Ltd. Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Sampling method Ekman grab Ekman grab Ekman grab Ekman grab Ekman grab 

Analytical lab ALS Environmental  ALS Environmental  ALS Environmental  ALS Environmental  ALS Environmental  

Data collected Chemistry and particle 

size 

Chemistry and particle 

size 

Chemistry and particle 

size 

Chemistry and particle 

size 

Chemistry and particle 

size 

Lakes sampled Goose Property Area 

Goose Lake  

 

George Property Area 

Fold Lake 

Bob Lake 

Lytle Lake 

Occurrence Lake* 

 

Goose Property Area 

Llama Lake 

Umwelt Lake 

Chair Lake 

Mam Lake 

Reference B Lake 

Goose Property Area 

Llama Lake 

Umwelt Lake 

Giraffe Lake 

Goose Lake 

Propeller Lake 

Reference B Lake 

Goose Property Area 

Giraffe Lake 

Rabbit Lake 

Fox Lake 

Echo Lake 

Rascal Lake 

Goose Lake 

Propeller Lake 

Pond 19 

Big Lake 

Del Lake 

 

George Property Area 

Fold Lake 

George Lake 

Lytle Lake 

Occurrence Lake 

Sleigh Lake 

Dragon Lake 

Komatic Lake 

Lower Long Lake 

Reference C Lake 

Goose Property Area 

Wasp Lake 

Leaf Lake 

Giraffe Lake 

Umwelt Lake 

Rascal Lake 

Goose Lake 

Propeller Lake 

Reference B Lake 

 

George Property Area 

George Lake 

Bob Lake 

Occurrence Lake 

Esker Pond 

Dragon Lake 

Komatic Lake 

McCoy Lake 

Reference Q Lake 

Number of 

replicates per site 

n = 1 n = 3, two sites sampled in 

deeper lakes 

n = 3, two sites sampled in 

deeper lakes 

n = 3 or n = 6 depending 

on lake depth and 

sampling plan 

n = 3, with some lakes 

having multiple sampling 

stations 

Composition of a 

single replicate 

composite of three 

pooled grabs 

single grab composite of two pooled 

grabs 

single grab single grab 

* Sample collected from shore 
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Streams 

Baseline sediment quality data were collected from 23 streams between 2011 and 2013 (Rescan 2012a, 

2013a, 2013b). All sediment samples were collected using a plastic bowl and spoon, homogenized, and 

transferred to Whirl-Pak bags. All samples were refrigerated in darkness until shipment to ALS 

(Burnaby, BC) for analysis. Baseline sampling methodologies and sampling locations are presented in 

Table 5.1-2; sampling locations are shown on Figures 5.1-2 (Goose LSA) and 5.1-3 (George LSA).  

Table 5.1-2.  Summary of Stream Sediment Quality Sampling Conducted for the Back River Project 

Year 2011 2012 2013 

Sampling month August August July 

Sampling agency Rescan Environmental 

Services Ltd.  

Rescan Environmental 

Services Ltd.  

Rescan Environmental 

Services Ltd.  

Sampling method Bowl and spoon Bowl and spoon Bowl and spoon 

Analytical lab ALS Environmental  ALS Environmental  ALS Environmental 

Data collected Chemistry and particle size Chemistry and particle size Chemistry and particle size 

Streams sampled Goose Property Area 

Giraffe OF 

Wolf OF 

Goose OF 

Propeller D/S 

Chair OF 

Reference B OF 

Goose Property Area 

Giraffe OF 

Wolf OF 

Goose OF 

Propeller OF 

Chair OF 

Pond 19 OF 

Del US 

Moby OF 

Del IF 

Reference B OF 

 

George Property Area 

George OF 

Sleigh OF 

Dragon OF 

Dragon Watershed OF 

Reference C OF 

Goose Property Area 

Wasp OF 

Giraffe IF 

Giraffe OF 

Umwelt OF 

Goose Neck IF 

Goose OF 

Reference B OF 

 

George Property Area 

George OF 

Lytle OF 

Sleigh OF 

Dragon Watershed OF 

McCoy Watershed OF 

Reference Q OF 

Number of replicates 

per site 

n = 3 n = 3 n = 3 

Composition of a single 

replicate 

composite of sediment from 

a single reach 

composite of sediment from 

a single reach 

composite of sediment from 

a single reach 

Sediment Quality QA/QC 

The sediment quality QA/QC program included the use of chain of custody forms for all samples and 

the collection of three replicate sediment samples at all sites to account for within-site variability. 

5.1.5 Lake Physical and Chemical Sediment Quality Parameters 

Sediment quality is important for freshwater life: many freshwater organisms live in or on the 

sediments or feed on benthic organisms. The Canadian Council of Ministers of the Environment (CCME) 

has established interim guidelines for metal concentrations in sediments to protect freshwater life 

from acute and chronic toxicity (CCME 2013). Additionally, the particle size composition of sediments is 

a valuable parameter for predicting the type and variety of resident benthic organisms and for 
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estimating the metal adsorption potential and organic carbon content of the sediments. Fine sediments 

composed of silt and clay particles tend to have greater metal and organic matter content due to 

particle surface adsorption, increased deposition rates, and longer residence times and often host 

distinct biological communities.  

Natural sediment deposition rates in Arctic lakes tend to small, due to the relatively low flux of 

material from the landscape into the freshwater environment. Estimates for sedimentation rates range 

average 113 mg/dm2/30 days (ranged from 36 to 352 mg/dm2/30 days; Hermanson 1990; Muir et al. 

1996). The composition of the sediments observed in the baseline sampling program were consistent 

with low sedimentation rates (Rescan 2011, 2012a, 2013a, 2013b).  

5.1.5.1 Lake Sediment Particle Size Composition 

Lake sediment composition samples were collected from 24 sites in the Goose LSA and nine lake sites in 

the George LSA between 2007 to 2013 (Table 5.1-1). Lake sediments collected from the Goose LSA 

were mainly comprised of silt or sand, with a combined mean of 90% silt and sand. Pond 19 sediments 

in the Goose LSA had the greatest levels of coarser material, with a mean gravel content of 18% 

(Rescan 2013a). Similarly, the lake sediments collected from the George LSA were mainly comprised of 

silt or sand, with a combined mean of 89% silt and sand (Table 5.1-3).  

Table 5.1-3.  Summary of Lake Sediment Particle Size Composition in the Goose and George LSA, 

2007 to 2013 

 Min Mean Max 

Goose (n = 130)    

% Gravel 0.05 1.4 23 

% Sand 0.64 27 95 

% Silt 2.3 62 92 

% Clay 0.11 9.0 75 

George (n = 58)    

% Gravel 0.05 1.5 26 

% Sand 0.17 33 97 

% Silt 0.64 68 91 

% Clay 0.24 9.4 21 

Note: This table used all available sediment quality data. Where data was less than the detection limit (DL), 0.5×DL was 

used to calculate metrics. 

5.1.5.2 Lake Sediment Total Organic Carbon 

Coarser sediments composed of gravel and sand often have lower concentrations of organic carbon and 

metals. Total organic carbon (TOC) tended to be greater in sediments in the Goose LSA lakes than the 

George LSA lakes (Table 5.1-4). Mean TOC in baseline lake sediment samples from the Goose LSA 

ranged from 0.27% to 15.2%, with the greatest proportions observed in Echo Lake (13.2%, 2012), Giraffe 

Lake North (11.6%; 2011 to 2013) and Goose Lake Neck (14.2%, 2011; Rescan 2012a, 2013a, 2013b). 

Mean total organic carbon (TOC) in baseline lake sediment samples from the George LSA ranged from 

0.2% to 8.2%, with the three lowest mean values occurring at Bob, Komatic and McCoy lakes, which had 

the lowest proportion of silt in their sediments (Rescan 2013a, 2013b).  
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Table 5.1-4.  Summary of Lake Sediment Total Organic Carbon Concentrations in the Goose and 

George LSA, 2007 to 2013 

 Min Mean Max 

Goose (n = 156)    

TOC (%) 0.27 6.2 15.2 

George (n = 54)    

TOC (%) 0.18 3.7 8.2 

Note: This table used all available sediment quality data. Where data was < DL, 0.5×DL was used to calculate metrics. 

5.1.5.3 Lake Sediment Metals 

The analysis of lake sediment metal concentrations was informed by the CCME guidelines. The CCME 

guidelines are conservative empirical thresholds that are meant to be protective of all forms of aquatic 

life and all aspects of aquatic cycles, including the most sensitive species over the long term (CCME 

1999, 2013). The Interim Sediment Quality Guidelines (ISQG) are conservative empirical thresholds 

below which no effects on aquatic life are predicted to occur. The CCME Probable Effects Level (PEL) 

thresholds describe the sediment concentration at which biological effects are likely to occur. 

Goose LSA 

Table 5.1-5 presents a summary of the total metal concentrations with CCME guidelines in the 

sediments of the Goose LSA lakes surveyed between 2010 and 2013. Metals data from 2007 were not 

used due to high analytical detection limits.  

Table 5.1-5.  Summary of Lake Sediment Metal Concentrations in the Goose LSA, 2010 to 2013 

 Concentration (mg/kg) % of Samples with 

Concentrations 

greater than ISQG* 

% of Samples with 

Concentrations 

greater than PEL*  Min Mean Max 

Arsenic 2.7 18 140 77 31 

Cadmium 0.025 0.30 1.4 7 0 

Chromium 6.8 26 56 12 0 

Copper 8.5 70 170 80 0 

Lead 1.7 4.8 11 0 0 

Mercury 0.0025 0.052 0.12 0 0 

Zinc 11 69 200 4 0 

Note: This table excluded the 2007 metals data, which had higher detection limits than the 2010–2013 data. Where data 

was < DL, 0.5 DL was used to calculate summary statistics. 129 samples were included in the analysis. 
* CCME sediment quality guidelines for the protection of aquatic life (CCME 2013). 

Goose LSA lake sediment samples had naturally elevated baseline metal concentrations, and concentrations 

were frequently greater than CCME guidelines for arsenic and copper and occasionally for cadmium, 

chromium, and zinc (Tables 5.1-5 and 5.1-6). Generally, mean metal concentrations were greater and were 

more frequently greater than guideline levels in the Goose LSA lake sediments than in George LSA lake 

sediments. Of the 129 historical and baseline samples collected from the Goose SLA area, 46% had arsenic 

concentrations greater than the CCME ISQG and 31% had concentrations greater than the CCME PEL 

(Figure 5.1-4). Chair Lake had the most metals that were greater than CCME guidelines and the greatest 

arsenic concentrations, with mean concentrations 4.8 times greater than the CCME PEL (Rescan 2013a). 

Mean concentrations for all other metals were less than the CCME PEL. Most Goose LSA lakes had mean 

sediment copper concentrations greater than the CCME ISQG, and some lakes had sediments with mean 

metal concentrations that were greater than the cadmium, chromium and zinc CCME ISQG. 
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Table 5.1-6.  Goose LSA Lakes with Sediment Metal Concentrations Greater than CCME Sediment 

Quality Guidelines, 2010 to 2013 

Lake Dominant Particle Type Metals Greater than ISQG* Metals Greater than PEL* 

Wasp Lake sand As, Cu As 

Leaf Lake sand As As 

Giraffe Lake silt; silt and sand As, Cu - 

Llama Lake silt As, Cu As 

Umwelt Lake silt and sand As, Cu - 

Rabbit Lake silt As, Cu As 

Fox Lake silt As, Cu As 

Echo Lake silt As, Cu - 

Rascal Lake silt and sand Cu - 

Goose Lake silt; sand As, Cd, Cu As 

Propeller Lake silt Cu - 

Chair Lake silt As, Cr, Cu, Zn As 

Mam Lake silt As, Cu As 

Big Lake silt As, Cu As 

Del Lake silt As, Cr - 

Reference B Lake sand; silt and sand As - 

Note: Exceedances are listed if the mean for all available samples was greater than the CCME guidelines. As = arsenic, 

Cr = chromium, Cd = cadmium, Cu = copper, Zn = zinc. ‘-‘ indicates that no metals had concentrations greater than 

guideline values. 
* CCME Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 2013). 

George LSA 

Table 5.1-7 presents a summary of the total metal concentrations in the sediments of the George LSA 

lakes surveyed between 2010 and 2013. Metals data from 2007 were not used due to high analytical 

detection limits. 

Table 5.1-7.  Summary of Lake Sediment Metal Concentrations in the George LSA, 2010 to 2013 

Metal 

Metal Concentration (mg/kg) % of Samples with 

Concentrations 

greater than ISQG* 

% of Samples with 

Concentrations 

greater than PEL* Min Mean Max 

Arsenic 4.4 17 1,050 87 11 

Cadmium 0.025 0.39 1.3 20 0 

Chromium 26 53 130 65 11 

Copper 7.0 86 190 83 0 

Lead 1.7 7.2 12 0 0 

Mercury 0.0025 0.036 0.10 0 0 

Zinc 31 140 470 54 6 

Note: This table excluded the 2007 metals data, which had higher detection limits than the 2010 to 2013 data. Where 

data was < DL, 0.5 DL was used to calculate metrics. 54 samples were included in the analysis. 
* CCME Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 2013). 
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Like lakes in the Goose LSA, George LSA lake sediments had naturally elevated metal concentrations 

that were often greater than the CCME ISQG for arsenic, cadmium, chromium, copper and zinc 

(Tables 5.1-7 and 5.1-8). Of the 54 historical and baseline samples collected from the George LSA, only 

one replicate at Reference C Lake was less than the arsenic ISQG (Table 5.1-8). Arsenic concentrations 

in 87% of samples were greater than the CCME PEL, with the mean at Komatic Lake (497 mg/kg) more 

than 29 times the CCME PEL (Figure 5.1-4; Rescan 2013a, 2013b). Chromium was the only other metal 

where observed mean sediment concentrations were greater than the PEL (2012 – Occurrence Lake; 

Rescan 2013a). Most George LSA lakes had mean sediment copper concentrations that were greater 

than CCME ISQG, and some lakes had sediments with mean metal concentrations that were greater 

than the cadmium, chromium and zinc CCME ISQG (Table 5.1-8). Seven lakes in the George LSA had 

sediments with metal concentrations greater than the CCME guidelines for at least four different 

metals and Komatic and McCoy lakes had concentrations greater than guidelines for five metals (As, 

Cd, Cr, Cu, and Zn; Rescan 2013a, 2013b). 

Table 5.1-8.  George LSA Lakes with Sediment Metal Concentrations Greater than CCME Sediment 

Quality Guidelines, 2010 to 2013 

Lake Dominant Particle Type Metals Greater than ISQG* Metals Greater than PEL* 

Fold Lake silt As, Cr, Cu As 

George Lake sand; silt As, Cr, Cu As 

Bob Lake silt As, Cd, Cu, Zn As 

Lytle Lake silt As, Cr, Cu, Zn As 

Occurrence Lake sand (2007); silt (2012, 2013) As, Cr, Cu, Zn As 

Sleigh Lake sand As Cr 

Dragon Lake silt As, Cr, Cu, Zn As 

Esker Pond silt As, Cr, Cu, Zn As 

Komatic Lake silt As, Cd, Cr, Cu, Zn As 

McCoy Lake silt As, Cd, Cr, Cu, Zn As 

Long Lake silt As, Cr, Cu As 

Reference Q Lake silt As, Cu As, Zn 

Reference C Lake silt As, Cu - 

Note: This table excluded the 2007 metals data, which had higher detection limits than the 2010 to 2013 data. Where 

data was < DL, 0.5 DL was used to calculate metrics. Exceedances are listed if the mean for all available samples was 

greater than the CCME guidelines. As = arsenic, Cr = chromium, Cd = cadmium, Cu = copper, Zn = zinc.  
* CCME Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 2013). 

5.1.6 Stream Physical and Chemical Sediment Quality Characteristics 

5.1.6.1 Stream Sediment Composition 

Baseline sediment quality samples were collected from 16 stream sites in the Goose LSA and 

eight stream sites in the George LSA in 2011, 2012, and 2013 (Table 5.1-2). Stream sediments at both 

Properties were mainly comprised of sand (43-53%), with small proportions of gravel- and silt-sized 

particles (22-29%), and smaller proportions of clay (<5%; Table 5.1-9). Slightly greater proportions of 

sand were found in the Goose LSA streams (53%) than in George LSA streams (43%), while greater levels 

of silt (29%) were observed at the George LSA streams than the Goose LSA streams (22%).  
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Table 5.1-9.  Summary of Stream Sediment Particle Size Compositions in the Goose and George 

LSA, 2011 to 2013 

 Min Mean Max 

Goose (n = 65)    

% Gravel 0.05 23 77 

% Sand 1.4 53 93 

% Silt 0.05 22 91 

% Clay 0.05 2.6 19 

George (n = 31)    

% Gravel 0.05 24 97 

% Sand 1.4 43 98 

% Silt 0.05 29 88 

% Clay 0.05 4.1 15 

Note: This table used all available sediment quality data. Where data was < DL, 0.5 DL was used to calculate metrics. 

5.1.6.2 Stream Sediment Total Organic Carbon 

Stream sediment organic carbon content is determined by processes occurring across the landscape and 

within the stream. Runoff can bring organic material into the stream environment and in-stream flow 

processes can move material into depositional environments. In-stream primary production by algae or 

aquatic plants can also add to the organic carbon pool. Sediments comprised of finer particles, like silt 

and clay, can bind and immobilize organic carbon.  

Mean TOC in Goose LSA stream sediments ranged from 0.05 to 29%, with the greatest percentage 

occurring in Reference B Outflow sampling site (Table 5.1-10; Rescan 2012a, 2013a). Mean TOC in George 

LSA stream sediments ranged from 0.11% to 19%. George Outflow, Lytle Outflow, Reference Lake Q 

Outflow and McCoy Watershed OF all had elevated TOC concentrations (>12%; Rescan 2013a, 2013b).  

Table 5.1-10.  Summary of Stream Sediment Total Organic Carbon Concentrations in the Goose and 

George LSA, 2011 to 2013 

 Min Mean Max 

Goose (n = 65)    

TOC (%) 0.05 6.1 29 

George (n = 31)    

TOC (%) 0.11 5.0 19 

Note: This table used all available sediment quality data. Where data was < DL, 0.5 DL was used to calculate metrics. 

Substantial annual variation in sediment organic carbon concentration was observed, particularly at the 

Giraffe Outflow site (15.9% in 2011, 0.3% in 2012, and 0.5% in 2013) and the Goose Outflow site (23% in 

2011, 0.3% in 2012, and 0.4% in 2013; Rescan 2012a, 2013a, 2013b). 

5.1.6.3 Stream Sediment Metals 

Goose LSA 

Goose LSA stream sediments had naturally elevated metal concentrations, though to a lesser extent 

than lake sediments. This difference between streams and lakes may be related to smaller proportions 

of fine sediments in streams. Stream sediments in the Goose LSA were occasionally greater than CCME 
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guidelines for arsenic, copper, and zinc, and infrequently for chromium and cadmium (Table 5.1-11 and 

Table 5.1-12). Mean arsenic concentrations in sediments were greater than the CCME ISQG at eight of 

the 16 stream sites sampled; mean arsenic concentrations at Propeller Outflow (25.1 mg/kg) were 

1.5 times greater than the CCME PEL (17 mg/kg; Rescan 2013a, 2013b). No other metal had mean 

concentrations greater than the CCME PEL in any stream. Chromium concentrations in Propeller 

Outflow sediments were greater than the CCME ISQG, whereas copper concentrations were greater 

than CCME ISQG in the Reference B Outflow sediment (Table 5.1-12; Rescan 2012a, 2013a).  

Table 5.1-11.  Summary of Stream Sediment Metals Concentrations in the Goose LSA, 2011 to 2013 

 Metal Concentration (mg/kg) % of Samples with 

Concentrations 

Greater than ISQG* 

% of Samples with 

Concentrations 

Greater than PEL* Metal Min Mean Max 

Arsenic 1.3 12 210 41 15 

Cadmium 0.025 0.11 0.71 3 0 

Chromium 5.7 21 75 8 0 

Copper 3.2 22 130 22 0 

Lead 1.1 3.2 16 0 0 

Mercury 0.0025 0.022 0.13 0 0 

Zinc 9.7 30 87 0 0 

Note: This table used all available sediment quality data. Where data was < DL, 0.5 DL was used to calculate metrics. 

65 samples were included in this analysis. 
* CCME sediment quality guidelines for the protection of aquatic life (CCME 2013). 

Table 5.1-12.  Goose LSA Streams with Metal Concentrations Greater than CCME Sediment Quality 

Guidelines, 2011 to 2013 

Stream Dominant Particle Type Metals Greater than ISQG* Metals Greater than PEL* 

Del US sand As - 

Chair OF sand As - 

Wasp OF silt As, Cu As 

Giraffe OF gravel and sand As - 

Goose OF silt As As 

Goose OF gravel and sand As - 

Propeller OF gravel As, Cr As 

Reference B OF sand (2012) and silt (2013) As, Cu As 

Note: Exceedances are listed if the mean for all available samples was greater than the CCME guidelines. As = arsenic, 

Cr = chromium, Cu = copper. ‘-‘ indicates that no metals had concentrations greater than guideline values. 
* CCME Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 2013). 

George LSA 

George LSA stream sediments had naturally elevated metal concentrations that were often greater 

than the CCME sediment quality guidelines for arsenic, chromium and copper, and occasionally for zinc 

(Table 5.1-13). Arsenic concentrations at all streams sampled in the George LSA were greater than the 

CCME ISQG, and were greater than the CCME PEL at George, McCoy Watershed, and Dragon outflows by 

a factor of 3.4, 2.0, and 2.1, respectively (Rescan 2013a, 2013b). No other metal had mean 

concentrations greater than the CCME PEL in any stream. Elevated sediment chromium concentrations 

were more prevalent in the George LSA than in the Goose LSA. Mean chromium concentrations were 

greater than the CCME ISQG at the Sleigh Outflow, Dragon Outflow and Komatic Inflow sites, whereas 
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copper concentrations at the George Outflow site were greater than the CCME ISQG (Table 5.1-14). 

The Lytle OF site had the greatest number of metals with sediment concentrations greater than CCME 

sediment quality guidelines (Rescan 2013a, 2013b). 

Table 5.1-13.  Summary of Stream Sediment Metal Concentrations in the George LSA, 2011 to 2013 

Metal 

Metal Concentration (mg/kg) % of Samples with 

Concentrations 

Greater than ISQG* 

% of Samples with 

Concentrations 

Greater than PEL* Min Mean Max 

Arsenic 1.4 26 97 91 55 

Cadmium 0.025 0.16 0.74 3 0 

Chromium 14 47 68 68 0 

Copper 4.3 45 130 36 0 

Lead 1.6 4.5 11 0 0 

Mercury 0.0025 0.024 0.085 0 0 

Zinc 14 73 170 19 0 

Note: This table used all available sediment quality data. Where data was < DL, 0.5 DL was used to calculate metrics. 

31 samples were included in the analysis. 
* CCME sediment quality guidelines for the protection of aquatic life (CCME 2013). 

Table 5.1-14.  George LSA Streams with Sediment Metal Concentrations Greater than CCME 

Sediment Quality Guidelines, 2010 to 2013 

Stream Dominant Particle Type Metals Greater than ISQG* Metals Greater than PEL* 

George OF silt As, Cu As 

Lytle OF silt As, Cr, Cu, Zn As 

Sleigh OF sand As, Cr - 

Dragon OF gravel and sand As, Cr As 

Komatic IF sand As, Cr - 

McCoy OF gravel As, Cr, Cu As 

Reference Q OF gravel As, Cr, Cu As 

Note: Exceedances are listed if the mean for all available samples was greater than the CCME guidelines. As = arsenic, 

Cr = chromium, Cu = copper. ‘-‘ indicates that no metals had concentrations greater than guideline values. 
* CCME Sediment Quality Guidelines for the Protection of Aquatic Life (CCME 2013). 

5.2 INCORPORATION OF TRADITIONAL KNOWLEDGE (TK) 

5.2.1 Incorporation of TK for Existing Environment and Baseline Information 

Available Traditional Knowledge from the Inuit Traditional Knowledge of Sabina Gold & Silver Corp., 

Back River (Hannigayok) Project, Naonaiyaotit Traditional Knowledge Project (NTKP) report (KIA 2012) 

was reviewed for information on freshwater sediment quality (see Volume 3, Chapter 3 of the DEIS). 

TK information documented in the NKTP report included observations of many changes in the 

freshwater environment over the past few decades. These included shallower lakes and rivers, 

reductions in river flow, and smaller fish spawning runs (KIA 2012). Inuit have observed changes in 

water quality over the past few decades, but little information was available on sediment quality. 

5.2.2 Incorporation of TK for VEC Selection 

The results of the Inuit Traditional Knowledge of Sabina Gold & Silver Corp., Back River (Hannigayok) 

Project, Naonaiyaotit Traditional Knowledge Project (NTKP) report (KIA 2012) were used for scoping 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORTING VOLUME 6: FRESHWATER ENVIRONMENT 

5-18 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

and refining the potential Valued Ecosystem Component (VEC)/Valued Socio-Economic Component 

(VSEC) list (see Volume 9, Chapter 1). The TK report presents clear maps of valued animal species, 

environmental components, and traditional land use activities.  This information was used to determine 

whether these valued aspects potentially interacted with the proposed Project and, if so, they were 

included in the initial VEC/VSEC list. This information, along with information from public consultation, 

consultation with regulatory agencies, and regulatory considerations, was used to determine the final 

VEC/VSEC list.  The final list was submitted to NIRB on April 8, 2013 and posted on the NIRB ftp site. As 

part of this process, freshwater sediment quality was selected as a VEC. 

5.3 VALUED COMPONENTS 

5.3.1 Valued Components and Scoping 

Surface freshwater sediment quality was identified as a potential VEC from a comprehensive list in the 

EIS guidelines (Section 7.6.1; NIRB 2013) and was identified as potentially interacting with the Project 

during the scoping process (see Volume 9, Chapter 1). Few comments regarding surface freshwater 

sediment quality were expressed in consultations with communities, but moderate regulatory 

considerations were identified. As a result of the scoping process, surface freshwater sediment quality 

was selected as a VEC for the DEIS. 

5.4 SPATIAL AND TEMPORAL BOUNDARIES 

The spatial and temporal boundaries for the VEC freshwater sediment quality were defined as the 

maximum spatial and temporal extent within which the environmental assessment in conducted. 

The boundaries were determined by the criteria specified in the EIS guidelines (NIRB 2013) and outlined 

in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1). 

5.4.1 Spatial Boundaries 

The spatial boundaries used for the assessment of the VEC freshwater sediment quality included a LSA 

for each of the Goose and George Properties and a larger RSA for both properties. 

5.4.1.1 Local Study Area 

The LSA included the Potential Development Area (PDA) for each property and delineates the area where 

there is the reasonable potential for direct effects due to Project activities on the VEC freshwater 

sediment quality. The LSA for the VEC freshwater sediment quality was divided into two areas: 

1. The Goose Property LSA.  The LSA boundary (365 km2) includes the Goose Property PDA and 

matches the boundaries of the Propeller and Big watersheds (Figure 5.4-1); and 

2. The George Property LSA.  The LSA boundary (105 km2) includes the George Property PDA, and 

matches the boundaries of the Dragon, George, McCoy, and Lower Long watersheds (Figure 5.4-1).  

For each LSA, potential direct Project effects were predicted to occur within the immediate sub-

watersheds where Project infrastructure and activities were proposed. Within each Property Area, the 

outer boundaries of these sub-watersheds then formed the continuous outer boundary for that LSA. 

This conservative delineation of the LSA was designed to capture all freshwater ecosystems where 

direct effects on the VEC freshwater sediment quality could be reasonably expected to occur due to 

Project activities. 

The potential changes to the freshwater environment in the Goose Property Area and George Property 

Area were addressed in the freshwater sediment quality assessment. Potential effects related to the 

MLA are addressed in the Marine Environment Volume (Volume 7). 
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5.4.1.2 Regional Study Area 

The RSA includes the PDA, the LSA, and additional areas within which there is the potential for indirect or 

cumulative effects from Project activities on the VEC freshwater sediment quality. Like the LSAs, there are 

two corresponding RSAs for each Property: 

1. The Goose Property RSA.  The RSA boundary (6,815 km2) includes part of the Ellice River 

Watershed and encompasses the PDA and the LSA.  All Project infrastructure resides within the 

Ellice Watershed.  The upper ~80 km of the watershed was included rather than the entire 

watershed (Figure 5.4-1); and 

2. The George Property RSA.  The RSA boundary (4,034 km2) includes part of the Western River 

Watershed and encompasses the PDA and LSA.  All Project infrastructure resides within the 

Western River Watershed.  The upper portion of the watershed that drains in to the Western 

River at the southern tip of Bathurst Inlet is included in the RSA (Figure 5.4-1). 

5.4.2 Temporal Boundaries 

The temporal boundaries used for the effects assessment on the VEC freshwater sediment quality are as 

described in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1). The temporal 

boundaries used for the assessment were aligned with the Project phases and were defined as follows:  

o Site Preparation: 2 years; 

o Construction Phase: 2 years; 

o Operations Phase: 10 years; 

o Reclamation and Closure Phase: 10 years; 

o Post-closure Phase: 3 years minimum; 

o Other potential phases: 

− Temporary Closure: less than 2 years, 

− Care and Maintenance Phase: 2-10 years, 

− Exploration: included in Construction and Operations Phases. 

The temporal boundaries used for the VEC freshwater sediment quality were defined in relation to 

planned activities over the lifetime of the Project within which a reasonable expectation of interaction 

with components of the freshwater environment can be predicted. 

5.5 POTENTIAL PROJECT-RELATED EFFECTS ASSESSMENT 

5.5.1 Methodology Overview 

The Project-related effects assessment for the VEC freshwater sediment quality followed the process 

detailed in the Methodology for Project Effects Assessment (Volume 9, Chapter 1): 

1. Identification of potential interactions of the Project with freshwater sediment quality; 

2. Characterization of potential effects; 

3. Identification of mitigation and management measures to be taken that would eliminate or 

reduce potential effects; 

4. Characterization of residual effects using the primary attributes of direction (i.e., positive, 

neutral, or negative), magnitude, reversibility, confidence, and probability, and the secondary 

attributes of extent, frequency, and duration; and 

5. Determination of the significance of the residual effects.  
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If mitigation and management measures were considered entirely effective, potential Project-related 

effects to the VEC freshwater sediment quality were deemed negligible and were not identified as 

residual effects. The rating criteria for the attributes used to characterize residual effects 

(i.e., direction, magnitude, reversibility, confidence, probability, extent, frequency, and duration) are 

provided in tables in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1). 

Table 5.5-1 presents the ratings specific for the magnitude of residual effects to the VEC freshwater 

sediment quality. The CCME guidelines for sediment quality were used, when available, in addition to 

existing baseline conditions as the threshold for determining the magnitude of residual effects because 

they are designed to be protective of all forms of aquatic life and all aspects of aquatic cycles, 

including the most sensitive species over the long term (CCME 1999, 2013). Under these rating criteria, 

residual effects from Project activities classified in the Low magnitude would result in changes in 

freshwater sediment quality that would be less than the CCME guidelines or within the natural variation 

observed in the baseline studies. Naturally elevated sediment concentrations of metals were observed 

in the baseline studies (Sections 5.1.5.3 and 5.1.6.3), for example, and the magnitude ratings criteria 

were designed to account for this natural variation. Low magnitude residual effects would, therefore, 

be predicted not to result in any effects on aquatic organisms because of the conservative design of 

the CCME guidelines (CCME 1999). If the concentration of a metal was naturally greater than CCME 

guidelines (e.g., copper), then a Low magnitude effect would apply as long as the concentration was 

within the 90% percentile of baseline values. Combined with the probability that the effect will occur, 

the significance of the effect was rated as positive, not significant, or significant (Table 5.5-2). 

Table 5.5-1.  Rating Criteria for Magnitude of Freshwater Sediment Quality Residual Effects 

Rating Classification 

Negligible No change from baseline values 

Low Within the CCME ISQG guideline, or less than the 90% percentile of baseline values if indicator 

is naturally greater than threshold 

Less than threshold 

Moderate Greater than CCME ISQG guideline, or greater than the 90% percentile of baseline values if 

indicator is naturally greater than threshold 

Less than 10× threshold 

High Greater than CCME ISQG guideline, or greater than the 90% percentile of baseline values if 

indicator is naturally greater than threshold 

Greater than 10× threshold 

Table 5.5-2.  Definitions of Significance Ratings of Residual Effects on the VEC Freshwater 

Sediment Quality 

Significance Descriptor of Significance 

Positive Effect could result in improvements in freshwater sediment quality, relative to the baseline, 

within the RSA into the foreseeable future. 

Significant Effect is expected to result in a decline in freshwater sediment quality that is long-lasting or 

permanent within the zone of influence of the Project, relative to reference conditions; levels 

may be variable or stable over years, but significantly lower on average than the natural 

variation of sediment quality and compared to reference sites elsewhere. Regional 

management actions such as research, monitoring, and recovery initiatives may be required 

should changes to freshwater sediment quality be deemed above acceptable risk thresholds. 

Not Significant Effect may result in a decline in freshwater sediment quality within the zone of influence of 

the Project relative to reference conditions during the life of the project, but sediment quality 

should return to baseline conditions in the shorter-term after Project closure. Monitoring may 

be initiated to confirm the ratings of the effects assessment. 
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5.5.1.1 Sediment Quality Indicators 

Sediment quality is a complex of multiple parameters and indicators, as discussed in the Existing 

Environment (Section 5.1). Project activities interact with the freshwater environment along a number of 

pathways and may change any of these indicators to outside of acceptable or natural ranges, which 

therefore represent changes to sediment quality. For example, discharge from a sewage treatment plant 

may introduce additional organic matter into the freshwater environment and subsequently cause 

increases in the organic matter content of the sediments. The sediment quality effects assessment was 

based on the analysis of four sediment quality indicators that represent the most probable and significant 

potential interactions between Project activities and the freshwater environment (Table 5.5-3).  

Table 5.5-3.  The VEC Freshwater Sediment Quality Indicators for Effects Assessment 

Indicator Description Project Interactions Pathway 

Particle Size Addition of material to sediments, 

changes the composition of the 

sediments  

Contribute particles to freshwater 

environment (siltation) or disturb 

sediments 

In-water works, runoff, 

deposition, discharge 

Nutrients and 

Organic 

Carbon 

Chemical compounds that may 

enhance aquatic plant and algal 

growth, or alter community structure  

Contribute nutrients and organic 

material to freshwater sediments 

in in runoff and discharge 

Runoff, discharge 

Metals Metals adsorbed to sediment particles 

or dissolved in interstitial water  

Contribute metals in runoff, 

discharge, and deposition 

Runoff, deposition, 

discharge 

Hydrocarbons Petroleum hydrocarbon compounds  Contribute metals in runoff, 

discharge, and deposition 

Runoff, deposition, 

discharge 

 

It is important to note that the key indicators of the VEC freshwater sediment quality outlined in 

Table 5.5-3 are subject to natural variation, but guidelines have been established to protect aquatic 

life (CCME 2013). For the purposes of this assessment, the contaminants of potential concern (COPC) 

identified in the CCME sediment quality guidelines were used as indicators. The thresholds for the 

residual effects analysis were based on the CCME guidelines and existing background concentrations 

and detailed in Table 5.5-4. 

Table 5.5-4.  Indicator Thresholds for the VEC Freshwater Sediment Quality  

  CCME Guideline Concentration 

Indicator Parameter ISQG† PEL† 

Particle Size Sediment composition No regulatory threshold value; threshold set to 90th quantile of 

baseline values 

Nutrients and 

Organic Carbon 

Nutrient and organic 

carbon 

No regulatory threshold value; threshold set to 90th quantile of 

baseline values 

Metals Arsenic 5.9 mg/kg 17 mg/kg 

 Cadmium 0.6 mg/kg 3.5 mg/kg 

 Chromium 37.3 mg/kg 90 mg/kg 

 Copper 35.7 mg/kg 197 mg/kg 

 Lead 35.0 mg/kg 91.3 mg/kg 

 Mercury 0.17 mg/kg 0.486 mg/kg 

 Zinc 123 mg/kg 315 mg/kg 

Hydrocarbons Petroleum hydrocarbons range of guidelines for petroleum hydrocarbon compounds (CCME 2013) 

† CCME sediment quality guidelines for the protection of aquatic life (CCME 2013). 
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5.5.2 Identification and Characterization of Potential Interactions with Project 

Project activities have the potential to affect the VEC freshwater sediment quality. Potential 

interactions between the Project and the VEC freshwater sediment quality were based on the initial 

matrix provided in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1) and 

further refined using the EIS guidelines (NIRB 2013) and professional judgement based on extensive 

experience at other similar projects in Nunavut and the Northwest Territories. Activities that will occur 

throughout the duration of the Project were considered for their potential interactions with the 

freshwater environment.  

The majority of Project interactions with the freshwater environment are likely to occur through non-

point source pathways (e.g., runoff and deposition). Non-point source pathways were assessed within 

the LSA for the Project as a whole, rather than considering the effects on each individual receiving 

environment. Many of these pathways have the potential to vary substantially in timing and magnitude 

during the life of the Project. A qualitative effects assessment approach using conservative 

assumptions of Project effects was generally used for the effects assessment. The effects of 

dust deposition were assessed quantitatively in the Environmental Risk Assessment (Volume 8, 

Chapter 5), with the results applied to this assessment of Project effects on the VEC freshwater 

sediment quality. 

The interactions of Project activities and the VEC freshwater sediment quality were grouped by related 

Project activities (termed Project interaction group), shared pathways to the freshwater environment, 

and shared key sediment quality indicators for the effects assessment (Table 5.5-5). For example, the 

construction of water crossings and the clearing of surfaces for pad construction were grouped into the 

Site Preparation, Construction, and Decommissioning Activities Project Interaction Group because both 

activities will be occurring during similar stages of Project development and both activities have the 

potential to contribute to erosion and deposition of suspended material into freshwater receiving 

environments through the shared pathway of runoff. The identified Project interaction groups are: 

o Site Preparation, Construction, and Decommissioning Activities - Project activities that include 

the clearing of overburden, earthworks, and construction activities for pads and infrastructure. 

o Site Contact Water - the runoff from Project infrastructure including pad areas, laydown areas, 

roads, and airstrips. 

o Mine Contact Water - water that contacts mine surfaces and operations, including runoff from 

waste rock storage areas (WRSA) and ore storage areas, as well as drilling water for exploration 

activities. 

o Quarries and Borrow Pits - activities related to the operation of quarries and borrow pits. 

o Explosives - Project activities related to the transport, manufacture, storage, and use of 

explosives. 

o Fuels, Oils, and PAH (Polycyclic aromatic hydrocarbons) - Project activities related to the 

storage of fuels, fueling and maintenance operations, and the combustion of waste. 

o Treated Sewage Discharge - discharge from domestic water treatment facilities. 

o Dust Deposition - Project activities that generate dust, including vehicle traffic, mining 

operations, and milling, that can then be deposited in freshwater receiving environments. 

 



 

 

Table 5.5-5.  Definition of the Components of the Project’s Interactions with the VEC Freshwater Sediment Quality 
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Site Preparation and 

Construction 

Camp and mill facility construction, local site roads, airstrip, equipment 

laydown areas, pad areas 

X        

Quarry development    X     

Dam or dyke construction for water management facilities and dewatering 

activities 

X        

Pit pre-stripping, waste rock pile construction, head-frame and 

underground development 

X        

Machinery and vehicle refueling; fuel storage and handling      X   

Sewage treatment plant and discharge       X  

Landfill construction and solid waste management  X       

Chemical and hazardous material storage and management  X       

Explosives storage and handling     X    

Marine Laydown Area: on-land laydown areas and fuel storage      X   

Operations Open pits: drilling, blasting, and excavation   X  X   X 

Underground: drilling, blasting, and excavation   X  X   X 

Waste rock storage areas   X     X 

TIA operation   X     X 

In-pit and surface water management   X      

(continued) 



 

 

Table 5.5-5.  Definition of the Components of the Project’s Interactions with the VEC Freshwater Sediment Quality (completed) 
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Operation (cont’d) Road and airstrip use and maintenance  X  X    X 

Sewage treatment and discharge       X  

Equipment maintenance and fuel storage and handling  X    X   

Chemical and hazardous material storage and management  X       

Explosives storage and handling     X    

Marine Laydown Area: Fuel storage and handling      X   

Reclamation and 

Closure 

Open pits   X      

Underground mines   X      

TIA   X      

Waste rock storage areas   X      

Road reclamation of site roads X        

Airstrip reclamation X        

Landfill closure X        

Quarry decommissioning X   X     

Marine Laydown Area reclamation X        
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In some cases, the pathways and interactions would change between locations or Project phases, and 

those changes were considered in the effects assessment. For example, once the site water 

management infrastructure is completed, site contact water (e.g., runoff from laydown areas) will be 

diverted to the water management facilities and not directly reach the freshwater environment. 

The assessment of potential effects from site contact water during the Operations phase, when the site 

water management infrastructure is in operation, was therefore different than the period during the 

Construction phase before the completion of the water management infrastructure. 

Pathway was used to describe the linkage between each Project interaction group and the VEC 

freshwater sediment quality. The four identified pathways for interactions between Project activities 

and the freshwater environment are: 

o runoff - describes the transport of material or compounds from the terrestrial environment into 

the freshwater environment by precipitation or snowmelt.  

o water withdrawals - describes the influence that changes in volume and flow may have on 

freshwater waterbodies.  

o discharge - the direct input of Project water into freshwater waterbodies. 

o aerial deposition - the direct input of material and chemical compounds from the air into the 

freshwater environment. 

The pathway(s) for each Project interaction group were identified (Table 5.5-6) and then used to 

describe potential effects, identify mitigation and management measures, and characterize the 

potential for residual effects from Project activities. 

Table 5.5-6.  Key Indicators of Project Activity Interactions with the Freshwater Environment for 

Effects Assessment 

Project Activity Pathway Indicators Project Phases 

Site preparation, 

construction, 

decommissioning activities 

Runoff, discharge particle size, nutrients, 

metals, hydrocarbons 

Site Preparation, Construction, 

Operations, Reclamation and Closure 

Site contact water Runoff particle size, nutrients, 

metals, hydrocarbons 

Site Preparation, Construction, 

Operation, Temporary Closure, Care 

and Maintenance,  Reclamation and 

Closure, Post-closure 

Mine contact water Runoff, discharge particle size, nutrients, 

metals 

Site Preparation, Construction, 

Operation, Temporary Closure, Care 

and Maintenance, Reclamation and 

Closure, Post-closure 

Quarries and borrow pits Runoff particle size, nutrients, 

metals 

Site Preparation and Construction 

Explosives Runoff, aerial 

deposition 

nutrients, hydrocarbons Site Preparation, Construction, 

Operations 

Fuels, Oils, and PAH Runoff, aerial 

deposition 

particle size, 

hydrocarbons 

Site Preparation, Construction, 

Operation, Reclamation and Closure 

Treated Sewage Discharge Discharge nutrients, hydrocarbons Site Preparation, Construction, 

Operations, Reclamation and Closure 

Dust deposition Aerial deposition particle size and metals Construction, Operations 
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The potential effects for each of the Project activities identified in Tables 5.5-5 and 5.5-6 were 

characterized in sections 5.5.2.1 to 5.5.2.8. The potential effects assessment considered the proposed 

Project activities (Volume 2) and the pathway(s) linking the Project activities to the freshwater 

environment. The potential effects were identified and characterized in the absence of mitigation or 

management measures. 

5.5.2.1 Site Preparation, Construction, and Decommissioning Activities 

Ground preparation for Project infrastructure, including buildings, roads, and mine works, would occur 

during the Site Preparation and Construction phases throughout the Potential Development Area (PDA) 

in the LSAs. Site preparation would involve vegetation clearing, the removal and relocation of surficial 

materials, and the construction of pad areas from surficial material, borrow material, and quarried 

rock. The site preparation activities would also include the construction of the water management 

infrastructure, such as ditches and berms, and earthworks for the Tailings Impoundment Area (TIA, 

Goose Property Area) and the Water Management Facilities (WMFs, George Property Area). The 

decommissioning and reclamation of Project infrastructure will similarly require the disturbance, 

transport, and relocation of surficial materials, as well as the disturbance and removal of vegetation 

and ground cover. The production of methylmercury will be negated by stripping and stockpiling 

organic material as part of site preparation and construction activities. 

Landscape disturbance and the removal of vegetation have the potential for effects on the VEC 

freshwater sediment quality. The primary pathway for these potential effects would be runoff 

(i.e., the transport of material in overland flow into the freshwater environment). Runoff would occur 

primarily during snowmelt and freshet in the spring, during precipitation events in the summer and fall, 

and would be absent in the winter. Some in-water or near-water activities required during Site 

Preparation and Construction and Reclamation and Closure phases also have the potential for effects 

on sediment quality. Additional effects may occur via dust deposition, which are presented separately 

in Section 5.5.2.8.  

Llama Lake (Goose Property Area) and portions of Lytle and Occurrence lakes (George Property Area) 

will need to be dewatered as part of the development of the Project. The primary pathway of potential 

effects will be through the discharge of water into nearby receiving environments during dewatering 

activities. In addition, construction of the retention dykes for the dewatering activities at the George 

Property Area may increase the concentration of sediments through runoff and re-suspension. 

Runoff from prepared and decommissioned areas could affect the VEC freshwater sediment quality by 

changing sediment particle size composition (siltation from eroded material) and by contributing metals, 

nutrients, organic matter, and hydrocarbons (from use of fuels and oils) into the freshwater environment. 

5.5.2.2 Site Contact Water 

Site contact water was defined as the runoff from snowmelt and precipitation events that interacts 

with site surfaces including roads, laydown areas, and buildings. The interaction between runoff and 

Project infrastructure could transport suspended material (siltation), metals, nutrients, organic 

matter, or hydrocarbons into the freshwater environment if not managed or mitigated. The potential 

for effects from site contact water could occur during all phases of the Project.  

5.5.2.3 Mine Contact Water 

Mine contact water was defined as the underground water removed from mine works, the runoff from 

mine surfaces, WRSA, and ore stockpiles, drilling fluids from ongoing exploration activities, mill process 

water, and water in the TIA. The pathways of interaction between mine contact water and the 
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freshwater environment are runoff and discharge. The majority of mine workings, including both open 

pit and underground, will occur in permafrost, throughout their depth, and no groundwater inflow will 

occur. The underground works at the Umwelt deposit will reach a maximum depth of 680 m, with a 

predicted maximum inflow of 10 L/s (Appendix V6-2A, this Volume). Overburden, waste rock, and 

tailings may also be in contact with surface water. The majority of mine contact water will occur from 

precipitation (Project Description, Volume 2).  

Potential effects from mine contact water may occur during all phases of the Project. Mine contact 

water, including water interacting with overburden, waste rock, and tailings, could affect the VEC 

freshwater sediment quality by contributing suspended material (siltation), metals, nutrients (contact 

with blasting residues), and hydrocarbons (use of fuel, oil, and grease) into the freshwater environment. 

5.5.2.4 Quarries and Borrow Pits 

Quarries and borrow pits would be developed to supply material for construction and maintenance 

during the Site Preparation, Construction, and Operations phases. The pathway of interaction between 

quarries and the freshwater environment is through runoff, which can transport suspended material 

and/or metals into freshwater receiving environments. These transported materials can change the 

composition of sediments (siltation) or increase sediment metal concentrations. 

5.5.2.5 Explosives 

Ammonium nitrate (AN) and fuel oil (FO) will be used as the explosive for quarries, mine development 

and production. Ammonium nitrate and fuel oil will be shipped and stored on site, in bulk bags and 

bulk liquid fuel. The ANFO explosive would then be mixed on site. Both components of the ANFO 

explosive have the potential for effects on the VEC freshwater sediment quality: AN disassociates in 

water into ammonia and nitrate and FO is a mixture of petroleum hydrocarbons. The pathways of 

interaction between explosives and the freshwater environment are runoff and aerial deposition, and 

the potential effects may occur during Site Preparation, Construction, and Operations phases. The VEC 

freshwater sediment quality can be affected by the runoff and deposition of explosives (and blasting 

residues). Runoff or deposition of those compounds can increase the sediment concentrations of 

ammonia, nitrate, and petroleum hydrocarbons. 

5.5.2.6 Fuels, Oils, and PAH 

The Fuels Project interaction group was defined as the Project activities that involve the handling, 

storage, and use of petroleum hydrocarbons. These activities include the storage and transport of 

fuels, fueling and maintenance operations. The activities in this interaction group have the potential 

for introducing hydrocarbons into the environment. Included in this group is the incineration of waste, 

which has the potential for creating PAH by incomplete combustion. The primary pathways of 

interaction between these sources of hydrocarbons and the freshwater environment are runoff and 

aerial deposition. Activities at facilities, laydown areas, fuel storage areas, and waste management 

areas can deposit hydrocarbons compounds such as oil and grease that can subsequently be transported 

into freshwater environments in runoff. 

Combustible waste, including the solids from sewage treatment, will be combusted using an 

incinerator. Incomplete combustion can create hydrocarbons that can be deposited into freshwater 

environment via direct deposition or runoff from the landscape. 

The potential effects from fuels and other hydrocarbons may occur during the Site Preparation, 

Construction, Operations, and Reclamation and Closure phases. 
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5.5.2.7 Treated Sewage Discharge 

Treated sewage from domestic water treatment facilities will be discharged to the tundra. The 

pathway of interaction between treated sewage and the freshwater environment is, therefore, 

discharge. Discharge of sewage effluent could affect the VEC freshwater sediment quality by 

contributing nutrients or organic compounds and influencing the oxygen demand (and subsequently 

reducing oxygen concentrations) in receiving freshwater environments. The potential effects from 

treated sewage discharge may occur during the Site Preparation, Construction, Operations, and 

Reclamation and Closure phases. 

5.5.2.8 Dust Deposition 

Dust can be generated by a variety of Project activities, including vehicle traffic, blasting activities, 

quarry operations, rock processing, and mining activities in open pits. Areas cleared for infrastructure 

(i.e., laydown areas) can also be sources of dust. The aerial deposition of the Project-generated dust is 

the primary pathway of interaction. Dust deposition into the freshwater environment could affect the 

VEC freshwater sediment quality by introducing suspended material and associated metals and 

nutrients into surrounding waterbodies. The potential effects from dust deposition may occur during all 

phases of the Project. No residual effects from dust deposition were predicted in the Environmental 

Risk Assessment (Volume 8, Chapter 6), so no further assessment of potential dust deposition effects on 

the VEC freshwater sediment quality was conducted. 

5.5.3 Identification of Mitigation and Management Measures 

The following section details the mitigation and management measures designed to enhance Project 

benefits and reduce or eliminate negative Project effects. If mitigation and management measures 

were considered entirely effective, potential Project-related effects to the VEC freshwater sediment 

quality were deemed negligible and not identified as residual effects. Once these are taken into 

account, any remaining residual Project effects on the VEC freshwater sediment quality are 

characterized in Section 5.5.4. 

The proposed mitigation and management measures would be actions to prevent, avoid, minimize, 

offset, or restore the VEC freshwater sediment quality within the spatial and temporal boundaries of 

the Project. Mitigation and management measures—to eliminate or reduce Project effects on the VEC 

freshwater sediment quality—include design and planning, engineered structures, the application of 

control technologies, best management practices, regulatory requirements, monitoring, and adaptive 

management. The relevant mitigation and management measures, including the spatial and temporal 

boundaries of the proposed actions, are considered and described for each Project activity in 

Sections 5.5.3.1 to 5.5.3.7. All mitigation and management measures will be applied, when applicable, 

throughout the life of the Project. The Site Water Monitoring and Management Plan (Volume 10, 

Chapter 7) is the key plan for site and mine contact water. The Aquatic Effects Management Plan 

(Volume 10, Chapter 19) details the mitigation and management measures for the receiving freshwater 

environment. The following environmental management plans relevant to the VEC freshwater sediment 

quality will be applied during the Project: 

o Fuel Management Plan (Volume 10, Chapter 4); 

o Spill Contingency Plan (Volume 10, Chapter 5); 

o Ore Storage Plan (Volume 10, Chapter 8); 

o Mine Waste Rock and Tailings Management Plan (Volume 10, Chapter 9); 

o Landfill and Waste Management Plan (Volume 10, Chapter 10); 
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o Incineration Management Plan (Volume 10, Chapter 11); 

o Hazardous Materials Management Plan (Volume 10, Chapter 12); 

o Explosives Management Plan (Volume 10, Chapter 13); 

o Road Management Plan (Volume 10, Chapter 14); 

o Borrow Pits and Quarry Management Plan (Volume 10, Chapter 16); 

o Air Quality Monitoring and Management Plan (Volume 10, Chapter 17); 

o Metal Leaching and Acid Rock Drainage Management Plan (Volume 10, Chapter 22); and 

o Mine Closure and Reclamation Plan (Volume 10, Chapter 29). 

5.5.3.1 Site Preparation, Construction, and Decommissioning Activities 

The primary pathway of interaction between the Project activities in the Site Preparation interaction 

group and the freshwater environment is runoff. The proposed mitigation and management measures 

will minimize the potential for erosion and the transportation of material in runoff (Aquatic Effects 

Management Plan, Volume 10, Chapter 19). The Project will minimize runoff and the transport of 

material into the freshwater environment by the following planning and design measures: 

o Infrastructure and waste rock storage areas will be confined to the local watersheds where the 

deposits are located to limit potential effects on sediment quality to local drainage areas;  

o Infrastructure will be located, whenever feasible, on competent bedrock or appropriate base 

material that will limit permeability and the transport of potentially lower quality water into 

the active layer and ultimately to the freshwater environment.  

o The Project infrastructure will be designed to minimize the footprint area, such as being 

located near the deposits; and  

o Restoration of the landscape will occur as soon as possible to minimize erosion potential. 

The Project will use Best Management Practices (BMP) drawn from governmental organizations and 

specific Arctic experience to minimize erosion and reduce the entrainment of potential chemical 

compounds into runoff. Site road crossings will be constructed according to the DFO Nunavut 

Operational Statement for Clear Span Bridges (Fisheries and Oceans Canada 2009). Temporary stream 

crossings will be constructed according to the DFO Nunavut Operational Statement for Temporary 

Stream Crossings (Fisheries and Oceans Canada 2009). In-water work will be conducted during approved 

timing windows presented in the DFO Nunavut Operational Statement for Timing Windows (Fisheries and 

Oceans Canada 2009). Only geochemically suitable rock quarries and borrow sources (i.e., using non-

potentially acid-generating rock) will be used to construct roads, pads, and structures (Metal Leaching 

and Acid Rock Drainage Management Plan, Volume 10, Chapter 22). Exposed landscape surfaces will be 

protected, where possible, by the installation of covering material like riprap, aggregate, or rolled 

erosion control products. Runoff flow may be controlled by a combination of measures, including: 

o slope texturing/grading to slow runoff and reduce effect slope lengths; 

o installation of synthetic permeable barriers and/or fibre rolls to reduce runoff velocities and 

retain sediments; and 

o check dams, gabions, and energy dissipation structures to reduce flow velocities in channels. 
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Sediment levels in runoff will be minimized, where applicable, by intercepting sediment before it 

reaches the freshwater environment. In addition to measures aimed at controlling runoff flow, the 

quantity of transported material in runoff may be controlled by measures including: 

o preservation of riparian zones to trap sediment and to reduce flow velocities; 

o installation of synthetic permeable barriers, fibre rolls, and/or silt fences as required; 

o installation of check dams, gabions, and sediment basins to reduce flow velocities and 

encourage sediment deposition;  

o stockpiles will be located well away from watercourses; and 

o Refuelling and maintenance activities will not occur, were possible, within 30 m of a 

watercourse or waterbody except where required due to equipment breakdown or approved 

activities near water. 

The potential effects from dewatering on freshwater sediment quality will be mitigated as outlined in the 

Lake Dewatering Plan (Site Water Monitoring and Management Plan, Volume 10, Chapter 7). Dewatering 

will be staged to seasonal flows, when possible, to minimize adverse effects to water quality and 

quantity. Acceptable volumes of water transferred to the receiving environment will be determined to 

avoid effects associated with water level fluctuations in the receiving environment. Clean water 

transferred to the receiving environment will remain within 10% of base flow or water levels if possible. 

Depending on the volume of clean water to be discharged to the receiving environment, lake 

dewatering may be conducted in the fall when there is some ice cover on the shore that will limit 

resuspension of lakebed sediments. This would help allow for the maximum amount of clean water to 

be transferred by keeping the TSS levels low in the lake to be dewatered longer. However, the fall is 

also when base flows are at their lowest, so the amount of clean water that could be transferred may 

be limited depending on the receiving environment location. 

Clean lake water will be transferred and monitored for turbidity and total suspended solids (TSS), until 

the TSS threshold is reached. Water transferred during dewatering activities will meet a TSS or 

turbidity threshold equivalent to the MMER limit for TSS (15 mg/L). Water that does meet established 

criteria will be retained or transferred to a suitable water management facility, such as the TIA. 

Changes to sediment and water quality during site preparation, construction, and decommissioning 

activities will be monitored under the Site Water Monitoring and Management Plan (Volume 10, 

Chapter 7) and the Aquatic Effects Monitoring Program (Volume 10, Chapter 19) to ensure drainage and 

erosion controls are effective. Previously designed and executed Aquatic Effects Management Plans 

have been shown to be effective at monitoring site preparation and construction phases of other Arctic 

projects (Rescan 2012b). Necessary repairs and adjustments to operations will be conducted as needed 

to ensure sediment quality does not surpass the CCME guidelines for sediment quality parameters in 

fish-bearing receiving waters and is maintained within baseline variability (Table 5.5-3; CCME 2013). 

The need for any corrective actions to on-site management or installation of additional control 

measures will be determined on a case-by-case basis. Indications of the need for corrective actions and 

additional control measures may include:  

o if results from the Site Water Monitoring Program (Volume 10, Chapter 7; to be outlined in the 

future Type A Water Licence) show non-compliance; or 

o if results from the Aquatic Effects Monitoring Program (Volume 10, Chapter 19), which will 

monitor the receiving environment around the mine infrastructure and activities, show 

negative effects to the freshwater environment. 



FRESHWATER SEDIMENT QUALITY 

SABINA GOLD & SILVER CORP. 5-33 

There is a potential for residual effects on freshwater sediment quality from site preparation, 

construction, and decommissioning activities. 

5.5.3.2 Site Contact Water  

Runoff is the interaction pathway for site contact water. The key mitigation measure will be to 

intercept and divert site contact water before it reaches the freshwater environment (Site Water 

Monitoring and Management Plan; Volume 10, Chapter 7). Infrastructure will be designed such that its 

footprint is minimized to limit the changes to local drainage patterns. Non-contact water will be 

diverted around infrastructure, as much as is feasible, and directed to natural downstream drainage 

networks to maintain local drainage patterns. Site contact water will be directed to the TIA (Goose 

Property Area) and WMFs (George Property Area) and will not contact the surrounding freshwater 

environment. Clean water and snow will be managed such that they do not contribute to potentially 

poor quality water and will be diverted to maintain natural drainage networks as much as possible. 

Clean water and snow will be managed such that they do not contribute to potentially poor quality 

water and will be diverted to maintain natural drainage networks as much as possible. 

Monitoring and adaptive management will be used to ensure the goals of the Site Water Monitoring and 

Management Plan and Aquatic Effects Management Plan are met (Volume 10, Chapters 7 and 19). 

During construction, all contact water will be monitored and treated to meet CCME guidelines prior to 

contact with fish-bearing receiving environments. Regular inspections of water management facilities 

will be conducted by Environmental Personnel under the Site Water Monitoring and Management Plan 

(Volume 10, Chapter 7). The need for any corrective actions to on-site management or installation of 

additional control measures will be determined on a case-by-case basis. Residual effects on freshwater 

sediment quality from site contact water may occur. 

5.5.3.3 Mine Contact Water 

Mine contact water will interact with the VEC freshwater sediment quality through the runoff and 

discharge pathways. The primary mitigation and management measure will be to divert all mine 

contact away from the freshwater environment (Site Water Monitoring and Management Plan; 

Volume 10, Chapter 7). All mine contact water from runoff and inflow sources will be collected and 

directed to the TIA (Goose Property Area) and the WMFs (George Property Area) as soon as the water 

management infrastructure is completed in the Construction Phase. The plan to mitigate mine contact 

water includes runoff from WRSAs, ore stockpiles, and tailings stored in the TIA and this will be 

managed under the Mine Waste Rock and Tailings Management Plan (Volume 10, Chapter 9). The TIA 

has been designed as a zero discharge facility, ensuring no potentially poor-quality water will be 

introduced to the freshwater environment while in operation. The WMFs will discharge water that will 

meet MMER discharge criteria to the terrestrial environment and any discharged water will meet CCME 

criteria at the nearest fish bearing receiving waterbody (Project Description, Volume 2; Site Water 

Monitoring and Management Plan, Volume 10, Chapter 7). If necessary during the Reclamation and 

Closure and Post-closure phases, water will be discharged from the TIA and WMFs but any discharge 

would be treated to meet CCME water quality guidelines thus ensuring no negative effects to aquatic 

life (Volume 2, Chapter 8; Mine Closure and Reclamation Plan; Volume 10, Chapter 29). There is the 

potential for residual effects from mine contact water on freshwater sediment quality. 

5.5.3.4 Quarries and Borrow Pits 

Quarries will interact with the VEC freshwater sediment quality through the runoff pathway. Mitigation 

and management measures for the construction and operation of quarries and borrow pits will be 

focused on minimizing the material and compounds potential transported in runoff, and minimizing the 

runoff reaching the freshwater environment (Site Water Monitoring and Management Plan - Volume 10, 
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Chapter 7; Borrow Pits and Quarry Management Plan - Volume 10, Chapter 16). The materials and 

compounds in quarry runoff will be minimized by the following measures: 

o quarries will be developed using only geochemically suitable material (Metal Leaching and Acid 

Rock Drainage Management Plan; Volume 10, Chapter 22); and 

o machinery will be fuelled, maintained, and repaired to avoid potential leaks of fuels and 

petroleum hydrocarbons (Fuel Management Plan; Volume 10, Chapter 4); 

The effects of runoff from quarries will be minimized by the following measures: 

o local drainage patterns will be maintained and the flow of water into the quarry minimized by 

the diversion of non-contact water will be diverted around quarries; and 

o quarries and borrow pits will have water collection and control infrastructure (Borrow Pits and 

Quarry Management Plan; Volume 10, Chapter 16). If the runoff is turbid but chemically-

unaltered, it will be allowed to infiltrate into the ground.  

Runoff will be monitored and managed to ensure fish-bearing receiving environments will meet CCME 

water quality guidelines. Adjacent waterbodies will be monitored for water and sediment quality 

through the Aquatic Effects Management Plan (Volume 10, Chapter 19) and the Site Water Monitoring 

and Management Plan (Volume 10, Chapter 7). Therefore, no residual effects from quarries and borrow 

pits were predicted on the VEC freshwater sediment quality because of the proposed mitigation and 

management measures, including monitoring and adaptive management of quarry runoff. 

5.5.3.5 Explosives  

Potential effects from explosives will interact with the freshwater environment through the runoff and 

aerial deposition pathways. Deposition of explosives and blasting residues on surfaces, with the 

subsequent possibility of transport in runoff to freshwater environments, will be mitigated and 

managed by: 

o explosive products will be stored on site in accordance with Territorial and Federal regulations 

(1990; C.R.C., c. 599);  

o the handling and manufacture of explosives will be contracted to a licensed operator;  

o runoff from explosive storage and manufacture facilities will be intercepted and collected 

before reaching the freshwater environment (Site Preparation and Construction phases) or 

diverted to the TIA/WMFs (Operations Phase); and 

o BMP will be adopted for blasting and the handling of explosives to avoid spillage and minimize 

ammonium and nitrate residues after blasting. 

The BMP for explosives use will manage dust and excess blasting residues (Explosives Management Plan; 

Volume 10, Chapter 13). Blasting residues will be monitored in Project lakes through the Aquatic 

Effects Management Plan (Volume 10, Chapter 19). 

No effects were predicted from the storage, manufacture, and transport of explosives during all phases 

of the Project because of the mitigation and management measures. Explosives will be used during 

Operations and Reclamation and Closure phases, primarily for mining operation, with minor quarry and 

borrow pit activities for maintenance materials and potential closure activities. However, all contact 

water will be diverted to the water management facilities and therefore any blasting residues will be 
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diverted to these facilities and not to the freshwater environment. Therefore, no residual effects from 

the runoff of blasting residues were predicted. 

Due to the mitigation and management measures, no residual effects from explosives in runoff were 

predicted on the VEC freshwater sediment quality. 

The effects from blasting residues on sediment quality through the aerial deposition pathway was 

predicted to be negligible due to the mitigation and management measures for explosives use and air 

quality (Volume 10, Chapters 13 and 17). The quantity of explosives will be designed to minimize the 

generation of dust and further dust management measures will minimize the transport of any 

generated dust particles. Therefore, no residual effects from the aerial deposition of blasting residues 

were predicted. 

5.5.3.6 Fuels, Oils, and PAH 

The fuels, oils, and PAH Project interaction group activities will interact with the freshwater 

environment through runoff and aerial deposition (for PAH). The mitigation and management measures 

for runoff are focused on preventing hydrocarbons from being transported in runoff and may consist of 

the follow measures: 

o machinery will be routinely inspected for leaks and refuelling will occur, when feasible, at a 

designated refuelling point with drainage capture/collection installed. In the event that 

refuelling occurs elsewhere, drip trays may be used under vehicles and equipment;  

o appropriate secondary containment systems will be used for petroleum product storage tanks 

to prevent spills and releases to water, including the prevention of diesel release from pickups 

carrying tidy-tanks; 

o bulk fuel storage areas and hazardous materials storage areas will be bermed and lined with 

impermeable barriers to minimize leaks and spills; and 

o Oily water treatment plants at equipment maintenance facilities will be used to minimize 

water and surface hydrocarbon compounds.  

In the event that hydrocarbons are transported in runoff, runoff from camp pads, laydown areas, and 

waste management areas will be directed to the water management structures (TIA and WMFs) and will 

not be discharged into the freshwater environment. Prior to the completion of the water management 

infrastructure during the Site Preparation and Construction phases, runoff will be collected in sumps 

and discharged only if it meets water quality standards. Fuels, oils, and PAHs will be managed under 

the Fuel Management Plan (Volume 10, Volume 4) and the Hazardous Materials Management Plan 

(Volume 10, Chapter 12). 

For the aerial deposition pathway, the primary mitigation measure will be the efficient operation of 

the incinerator (Incineration Management Plan; Volume 10, Chapter 11). The operation of the 

incinerator will comply with Nunavut guidelines (Government of Nunavut 2012), Canada-Wide 

Standards for Dioxins and Furans (CCME 2001) and Canada-Wide Standards for Mercury Emissions (CCME 

2000). Management measures will include the following:  

o a waste segregation program will be implemented (i.e., materials that are unsuitable for 

incineration, e.g., chlorinated plastics, will be diverted to alternate waste disposal facilities);  

o personnel will be properly trained in incinerator operations; and 

o stack testing during commissioning and adaptive management to ensure compliance with standards. 
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Project activities related to fuels and other petroleum hydrocarbons were predicted to have negligible 

effects on the VEC freshwater sediment quality through the runoff and aerial deposition pathways 

because of the extensive proposed mitigation and management measures. No hydrocarbon compounds or 

sediments from Project activities in the camps, laydown areas, fuel areas, or waste storage areas were 

predicted to reach the freshwater environment because of the BMPs for machinery operation, 

maintenance, and fueling, and the direction of runoff carrying potential compounds to the water 

management facilities. The incinerator will be operated according to guidelines and standards, and 

therefore negligible aerial deposition of PAH into the freshwater environment were predicted. Therefore, 

no residual effects from fuels, oils, and PAHs are predicted on the VEC freshwater sediment quality. 

5.5.3.7 Treated Sewage Discharge 

The pathway of interaction between treated sewage and the freshwater environment is discharge. 

No sewage effluent will be discharged to the freshwater environment during any phase of the Project 

(Landfill and Waste Management Plan; Volume 10, Chapter 10 of the DEIS). Instead, treated sewage 

effluent will be discharged to the tundra at Goose and George Properties and the MLA. Thus, there will 

be no residual effects from treated sewage discharge on the VEC freshwater sediment quality.  

5.5.4 Characterization of Residual Effects 

In Section 5.5.3, seven potential effects were evaluated for whether they would result in residual 

effects after mitigation. Residual effects are those effects predicted to remain after the application of 

mitigation and management. Three of these potential effects were identified as residual effects: 

1) site preparation, construction, and decommissioning activities, 2) site contact water, and 3) mine 

contact water. The significance of these residual effects is evaluated below. Each residual effect is 

described in this section in terms of eight descriptors (Volume 9; Chapter 1), including: direction, 

magnitude, duration, frequency, geographic extent, reversibility, probability, and confidence. The 

magnitude of the residual effect was evaluated by using the information in Table 5.5-1. Table 5.5-2 

provides a description of the significance ratings used for residual effects.  

5.5.4.1 Site Preparation, Construction, and Decommissioning Activities 

The mitigation and management measures were predicted to be effective at minimizing potential effects 

from runoff associated with site preparation, construction, and decommissioning activities. The use of 

only geochemically suitable material for construction of roads and pads will eliminate the potential for 

acid-rock drainage (Metal Leaching and Acid Rock Drainage Management Plan; Volume 10, Chapter 22). 

The proposed mitigation and management measures will minimize the quantity of material transported in 

runoff (e.g., TSS, metals) and the likelihood of runoff reaching the freshwater environment. Some runoff 

into nearby waterbodies could be possible during the early stages of site preparation and construction 

(Site Preparation and Construction phases) before water management structures are fully operational 

(e.g., TIA, WMFs, sediment ponds, and diversion ditches). Once the water management structures are in 

place, any runoff from cleared areas is expected to be fully mitigated.  

Water transferred during dewatering activities will meet a TSS or turbidity threshold equivalent to the 

MMER limit for TSS (15 mg/L). This threshold is less than the CCME water quality guideline for TSS and 

any increase in the TSS due to the discharge of water during dewatering would be transient and 

restricted to the PDA. In addition, any increases in sediment concentrations from the construction of 

retention dykes would likely be transient and restricted to the PDA. No significant effects to sediment 

quality were predicted because of the adherence to limits on the suspended sediment in discharge 

from dewatering activities. 



FRESHWATER SEDIMENT QUALITY 

SABINA GOLD & SILVER CORP. 5-37 

Only small amounts of runoff would be expected to reach the surrounding waterbodies while the water 

management features are being constructed. The extensive mitigation and management measures 

incorporating design, BMPs, and adaptive management were predicted to minimize the transport of 

sediments through runoff into the freshwater environment. Project activities were not anticipated to affect 

sedimentation rates. There are no planned discharges to receiving waters that would be sediment-laden. 

The potential effect of suspended sediments or other soil/sediment materials from construction activities is 

included in this assessment. No significant increases in the rate and distribution of sedimentation in 

waterbodies in the LSA were predicted. Sediment loading will be minimized by the BMPs outlined in 

Section 5.5.3.1, and lake dewatering activities will be managed to avoid the discharge of sediment-laden 

water. Sediment dispersion models were not required because no significant interactions were anticipated 

between Project activities and sedimentation processes in the freshwater environment after the application 

of the mitigation and management measures.  

The predicted magnitude of the residual effect was low. The magnitude of the residual effect was 

evaluated in the context of the final receiving environment for fish-bearing waters with respect to the 

thresholds given by the CCME sediment quality guidelines. Upstream sources close to site preparation, 

construction, and decommissioning activities may have higher TSS concentrations, but the residual effects 

were evaluated for the nearby fish-bearing environments. Baseline freshet flows in the Project area had TSS 

concentrations ~10 mg/L greater than average TSS concentrations (~1.8 mg/L; Section 4.1.7.2), which 

suggest that periodic high-sediment conditions are a feature of the freshwater environment. Therefore, the 

effects on the VEC freshwater sediment quality from site preparation, construction, and decommissioning 

activities were predicted to be within natural variation and will not have any significant effects on the 

indicators of sediment quality. 

The effects were predicted to be footprint (within the PDA) or local (restricted to the LSA), short-term 

in duration, and sporadic as runoff would only occur during snowmelt and episodic large precipitation 

events. The freshwater environment has the capacity to recover and the effects were predicted to be 

fully reversible. The probability of occurrence was estimated to be moderate due to the uncertainties 

related to precipitation, and confidence was high because of the quantitative baseline environmental 

data, the predictable nature of the potential effects, and the confidence in the mitigation and 

management strategies. 

The residual effect of site preparation on the VEC freshwater sediment quality, which describes the 

disturbance of the landscape due to the construction and reclamation of Project infrastructure, is 

predicted to be Not Significant. 

5.5.4.2 Site Contact Water  

The mitigation and management measures were predicted to be effective and minimize the potential 

effects from runoff associated with site contact water. Once the site water management infrastructure 

is complete (Site Water Monitoring and Management Plan; Volume 10, Chapter 7), all site contact 

water will be diverted to the water management facilities and will not contact the freshwater 

environment. Therefore, no residual effects on the VEC freshwater sediment quality from site contact 

water were predicted during the Operations, Temporary Closure, and Care and Maintenance phases. 

However, Project activities will occur when the site water management infrastructure is not functional 

(e.g., before commissioning during the Site Preparation and Construction phases). Some runoff into 

nearby waterbodies could be possible during this period; therefore, residual effects from site contact 

water are predicted on the VEC freshwater sediment quality during the Site Preparation, Construction, 

and Reclamation and Closure phases when the water management features are in active.  

In the event that site contact water did contact the freshwater environment, the water quality indicators 

were predicted to be within the range of natural variation (as discussed in Section 4.5.5.1), and were not 
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predicted to result in changes to sediment quality indicators beyond the CCME guideline thresholds. 

Therefore, the predicted magnitude of the residual effect was low. The effects were predicted to be 

footprint (within the PDA) or local (restricted to the LSA), short-term in duration (confined to the Site 

Preparation and Construction phases), and sporadic as runoff would only occur during snowmelt and 

episodic large precipitation events. The freshwater environment was predicted to be resilient and the 

effects were predicted to be fully reversible. The probability of occurrence was estimated to be moderate 

due to the uncertainties related to precipitation, and confidence was high because of the quantitative 

baseline environmental data and the confidence in the mitigation and management strategies. 

The residual effect of site contact water on the VEC freshwater sediment quality is predicted to be Not 

Significant. 

5.5.4.3 Mine Contact Water 

The mitigation and management measures were predicted to be effective and minimize the potential 

effects from runoff and discharge associated with mine contact water. Once the site water 

management infrastructure is complete (Site Water Monitoring and Management Plan; Volume 10, 

Chapter 7), all mine contact water, including underground water and runoff from WRSA and ore piles, 

will be diverted to the water management facilities and will not contact the freshwater environment. 

The effects on mine contact water on the VEC freshwater sediment quality were predicted to be 

negligible because of the diversion of all mine contact water, including runoff from WRSAs, to the 

water management structures. Therefore, no residual effects from mine contact water are predicted 

on the VEC freshwater sediment quality during the Operations Phase.  

However, Project activities will occur when the site water management infrastructure is not functional 

(e.g., before commissioning during the Site Preparation and Construction phases and after 

decommissioning in the Reclamation and Closure Phase). Some interaction with nearby waterbodies 

could be possible during this period; therefore, residual effects from mine contact water are predicted 

on the VEC freshwater sediment quality during the Site Preparation and Construction phases when the 

water management features are in the process of being constructed and commissioned. Discharge of 

mine contact water may occur during the Reclamation and Closure and Post-closure phases. The 

current site water management and closure plans are conceptual and will be further developed with 

the Feasibility Study. Assessments supporting FEIS may necessitate both quantitative (such as 

modelling) and qualitative predictions. 

Mine contact may interact with the freshwater environment during the Site Preparation, Construction, 

and Reclamation and Closure phases. Mine contact water will be monitored and managed, and treated 

if necessary, to ensure it will meet CCME guidelines once in contact with fish-bearing waterbodies 

(Project Description, Volume 2, Chapter 8; Mine Closure and Reclamation Plan; Volume 10, Chapter 29). 

Water quality indicators will therefore be within CCME water quality guidelines (as discussed in 

Section 4.5.5.1 of Chapter 4, this Volume), and therefore predicted to have no effects on freshwater 

sediment quality outside of CCME guidelines. Therefore, the predicted magnitude of the residual effect 

to the VEC freshwater sediment quality was low. The effects were predicted to be footprint (within the 

PDA) or local (restricted to the LSA), medium-term in duration, and sporadic as runoff or discharge 

would only occur during or after snowmelt and large precipitation events. The freshwater environment 

was predicted to be resilient and the effects were predicted to be fully reversible. The probability of 

occurrence was estimated to be moderate due to the uncertainties related to precipitation, and 

confidence was medium because of the quantitative input from the baseline environmental data and 

the confidence in the mitigation and management strategies. 

The residual effect of mine contact water on the VEC freshwater sediment water is predicted to be Not 

Significant. 
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5.5.5 Significance of Residual Effects 

Three residual effects for the VEC freshwater sediment quality were assessed and resulted in the 

following significance ratings: 

o Site Preparation, Construction, and Decommissioning Activities – rated Not Significant; 

o Site Contact Water – rated Not Significant; and 

o Mine Contact Water – rated Not Significant. 

The criteria used in the determination of the significance of each residual effect is detailed in 

Section 5.5.4 and summarized in Table 5.5-7. 

5.6 POTENTIAL CUMULATIVE EFFECTS ASSESSMENT 

5.6.1 Methodology Overview  

The potential for cumulative effects arises when residual effects of the Project affect (i.e., overlap and 

interact with) the same resource/receptor that is affected by the residual effects of other past, existing 

or reasonably foreseeable projects or activities. When residual effects were identified for the Project, 

the Cumulative Effects Assessment (CEA) followed the process detailed in the General Methodology for 

Project Effects Assessment (Volume 9, Chapter 1) and was comprised of the following steps: 

1. Undertaking a scoping exercise to identify the potential for Project-related residual effects to 

interact with residual effects from other human activities and projects within a specified CEA 

boundary. For wildlife, this boundary is typically defined by the home range of a wildlife VEC 

within the particular life cycle season which the Project may influence the VEC. 

2. Identifying and predicting potential cumulative effects that may occur and implementing additional 

mitigation measures to minimize the potential for cumulative effects where possible. 

3. Identifying cumulative residual effects after the implementation of mitigation measures. 

4. Determining the significance of any cumulative residual effects. 

The cumulative residual effects were analyzed using the same criteria as the Project-related effects 

assessment (Section 5.5.1): direction, magnitude, duration, frequency, geographic extent, reversibility, 

probability of occurrence, and confidence in the analyses and conclusions. The magnitude of potential 

cumulative effects applied the same criteria as the Project-related effects assessment (Table 5.5-1). Using 

a weight of evidence and relative ranking approach, combined with best professional judgement, the 

cumulative residual effect was characterized as either significant (S), not significant (N), or positive (P) in 

the same manner as the Project-related effects assessment (Table 5.5-2).  

Past, existing, and reasonably foreseeable major projects with potential residual effects that occur 

within the RSA for the VEC freshwater sediment quality were considered and are listed in Table 3.4-1 in 

the Effects Assessment Methodology (Volume 9, Chapter 1). The list includes projects within Nunavut 

and the Northwest Territories to consider the outermost spatial boundary, and reflects a 

comprehensive evaluation of potential interactions. As per the EIS guidelines (NIRB 2013), the list of 

projects considered conforms to the requirement to consider a larger spatial boundary for the CEA as 

well as a longer temporal scale. 

The expected timing and duration of Project-related residual effects was compared with that of 

residual effects from other past, existing, and future human activities to identify temporal overlap. As 

identified in the EIS guidelines (NIRB 2013), a longer timeline than the development and operations 

phases of the Project were considered. 



 

 

Table 5.5-7.  Summary Table of Predicted Residual Effects on the VEC Freshwater Sediment Quality and Overall Significance Rating 

Description of 

Residual 

Effects Project Phase 

Significance Criteria Likelihood of Occurrence Overall Significance Rating 

Direction Magnitude Duration Frequency Extent Reversibility Probability Confidence Significance 

Site 

Preparation 

Site Preparation, 

Construction, 

Reclamation and 

Closure 

Negative Low Short-

term 

Sporadic Local Reversible Moderate Medium Not 

Significant 

Site Contact 

Water 

Site Preparation, 

Construction, 

Reclamation and 

Closure 

Negative Low Short-

term 

Sporadic Local Reversible Moderate Medium Not 

Significant 

Mine Contact 

Water 

Site Preparation, 

Construction, 

Reclamation and 

Closure 

Negative Low Medium-

term 

Sporadic Local Reversible Moderate Medium Not 

Significant 
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5.6.2 Potential Interactions of Residual Effects with Other Projects 

The following residual Projects effects on freshwater sediment quality were identified: 

o Site preparation, construction, and decommissioning activities; 

o Site contact water; and 

o Mine contact water. 

The spatial boundary of the CEA is the freshwater sediment quality RSA (see Section 5.4.1). 

The temporal boundary for the CEA is any past, present, or reasonably foreseeable future projects (see 

list of projects in Volume 9, Chapter 1). The only project that could interact with the Back River 

Project freshwater sediment quality residual effects is the proposed Bathurst Inlet Port and Road 

project. There is no predicted spatial overlap between the Project residual effects that were confined 

to the freshwater sediment quality LSAs and any potential effects from the Bathurst Inlet Port and 

Road Project, which would be confined to the proposed road corridor in the far northwestern portion of 

the George Property RSA (Figure 5.4-1). Therefore, no potential cumulative effects on the VEC 

freshwater sediment quality were predicted. 

5.7 TRANSBOUNDARY EFFECTS 

Transboundary effects may be expected to occur if residual effects from the Project were identified 

and extend beyond the LSAs. However, all residual effects to the VEC freshwater sediment quality 

were confined to the LSAs, which lie entirely within Nunavut. Therefore, no transboundary residual 

effects from Project activities on the VEC freshwater sediment quality were predicted. 

5.8 MITIGATION AND ADAPTIVE MANAGEMENT 

Mitigation and management measures will be used to eliminate or minimize Project effects on the 

freshwater environment. The measures include mitigation by Project design, conformity to existing 

regulations and guidelines, BMP, and the application of monitoring and adaptive management plans. 

The specific mitigation and management measures for freshwater sediment quality are shown in 

Table 5.8-1.  

Mitigation and management measures for other aspects of the Project, such as air quality and site water 

management, are detailed in Volume 10 of the DEIS, and detailed in the following plans: 

o Site Water Monitoring and Management Plan (Volume 10, Chapter 7); 

o Fuel Management Plan (Volume 10, Chapter 4); 

o Spill Contingency Plan (Volume 10, Chapter 5); 

o Ore Storage Plan (Volume 10, Chapter 8); 

o Mine Waste Rock and Tailings Management Plan (Volume 10, Chapter 9); 

o Landfill and Waste Management Plan (Volume 10, Chapter 10); 

o Incineration Management Plan (Volume 10, Chapter 11); 

o Hazardous Materials Management Plan (Volume 10, Chapter 12); 

o Explosives Management Plan (Volume 10, Chapter 13); 

o Road Management Plan (Volume 10, Chapter 14); 
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o Borrow Pits and Quarry Management Plan (Volume 10, Chapter 16); 

o Air Quality Monitoring and Management Plan (Volume 10, Chapter 17); 

o Metal Leaching and Acid Rock Drainage Management Plan (Volume 10, Chapter 22); and 

o Mine Closure and Reclamation Plan (Volume 10, Chapter 29). 

Table 5.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Sediment Quality 

Mitigation Category Mitigation Measures 

1.  Mitigation by Project Design 

 Only geochemically suitable rock quarries and borrow sources will be used to construct 

roads, pads, and structures  

Contact water will be directed to the TIA (Goose Property Area), Water Management 

Facility (George Property Area), or collection pond (MLA).  

Infrastructure and waste rock storage areas at the George Property have been confined to 

the local watersheds where the deposits are located, thereby confining potential influence 

on water and sediment quality to the local drainage areas 

Infrastructure will be located, whenever feasible, on competent bedrock or appropriate 

base material that will limit permeability and transport of potentially poor quality water 

into the active layer, and ultimately to the freshwater environment 

The TIA has been designed as a zero discharge facility, ensuring no potentially poor quality 

water is introduced to the freshwater environment 

The design of haul roads has been optimized to minimize the distance travelled which will 

reduce dust (and hence potential influence on water and sediment quality) associated with 

construction and operation. 

The Project has been designed to use winter road only access corridors thereby limiting 

dust emissions, limiting stream crossings, and instream works, and hence the potential 

influence on water and sediment quality 

Erosion potential will be reduced by working during periods of low runoff as much as possible. 

Diversion of water will only occur at approved sources licensed for this function and during 

the temporal limits of the licence. 

Water will be recycled / reused where possible. 

Outlets will have a diffuser or be located in an area not subject to erosion from outflows. 

2.  Regulatory Requirements 

 MAC code/guidelines for design construction, operation, inspection/auditing of tailings 

management facilities  

The operation of incinerators will comply with Nunavut standards, Canada-Wide Standards 

for Dioxins and Furans and Canada-Wide Standards for Mercury emissions (CCME 2000, 

2001). Modern incineration equipment will be installed to minimize airborne contaminant 

loading of polycyclic aromatic hydrocarbons. 

Culvert maintenance will be conducted following the DFO Nunavut Operational Statement 

for Culvert Maintenance (Fisheries and Oceans Canada 2009). 

Instream work will be conducted during approved timing windows presented in the DFO 

Nunavut Operational Statement for Timing Windows (Fisheries and Oceans Canada 2009). 

Site road crossings will be constructed according to the DFO Nunavut Operational 

Statement for Clear Span Bridges (Fisheries and Oceans Canada 2009). 

Temporary stream crossings will be constructed according to the DFO Nunavut Operational 

Statement for Temporary Stream Crossings (Fisheries and Oceans Canada 2009). 

(continued) 
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Table 5.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Sediment Quality (continued) 

Mitigation Category Mitigation Measures 

2.  Regulatory Requirements (cont’d) 

 Winter road construction will follow the DFO Nunavut Operational Statement for Ice 

Bridges and Snow Fills (Fisheries and Oceans Canada 2009). 

Water withdrawal will follow permit conditions. 

3.  Best Management Practices 

 Clean water and snow will be managed such that they do not contribute to potentially poor 

quality water and be diverted to maintain natural drainage networks as much as possible. 

Potentially poor quality site water (runoff from waste rock storage areas, ore stockpiles, 

mine contact water) will be directed during operations to the TIA (Goose Property Area), 

Water Management Facility (George Property Area), or collection pond (MLA).  

Sewage will be treated, and treated sewage effluent will be discharged to the tundra. 

Bulk fuel storage areas, hazardous materials storage areas, and explosives storage 

facilities will be bermed and lined with impermeable barriers to minimize leaks and spills 

reaching freshwater environment. 

Modern incineration equipment will be installed to minimize airborne contaminant loading 

of dioxins, furans, and polycyclic aromatic hydrocarbons. 

Non-contact water will be diverted around infrastructure, as much as feasible, and 

directed to natural downstream drainage networks. 

Oily water treatment plants at equipment maintenance facilities will be used to minimize 

water and surface hydrocarbon contaminants. 

Disposal of excavated material will be in a location above the high water mark to ensure 

that this material does not enter the watercourse. 

Efforts shall be made to minimize the duration of any instream works and minimize 

disturbance of riparian vegetation at stream crossings. 

Prevent the release of sediment or sediment laden water into water frequented by fish. 

Regular inspections will be conducted to ensure erosion and sediment control measures 

are functioning properly; all necessary repairs and adjustments will be conducted in a 

timely manner. 

The dewatering of Llama Lake, or other waterbody, will follow an approved dewatering 

plan, whereby water will not be discharged to the receiving environment if it does not 

meet approved criteria.  Any poor quality water will be retained, discharged to the TIA or 

other appropriate holding facility. 

Exposed landscape surfaces will be protected, where possible, by the installation of 

covering material like riprap, aggregate, or rolled erosion control products. 

If water held in control devices is turbid but chemically unaltered, it may infiltrate to the 

ground rather than storing it in an excavation. 

Runoff will be controlled where applicable by a combination of measures, which include: 

• slope texturing/grading to slow runoff and reduce effect slope lengths; 

• installation of synthetic permeable barriers and/or fibre rolls to reduce runoff 

velocities and retain sediments; and 

• check dams, gabions, and energy dissipation structures to reduce flow velocities in 

channels. 

Sediment loading in runoff may be minimized by the application of measures to intercept TSS 

before it reaches the freshwater environment. Sediment control measures may include: 

• preservation of riparian zones to trap sediment and to reduce flow velocities; and 

• stockpiles will be located well away from watercourses. 

(continued) 
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Table 5.8-1.  Mitigation and Adaptive Management Measures for Potential Project Effects on 

Freshwater Sediment Quality (completed) 

Mitigation Category Mitigation Measures 

3.  Best Management Practices (cont’d) 

 Visual monitoring will be conducted by the Environmental personnel on a regular basis to 

ensure drainage and erosion controls are effective. 

Construct ice bridge and snow fill approaches using clean, compacted snow and ice to a 

sufficient depth to protect banks of lakes, rivers or streams. 

Vehicular access across a watercourse or waterbody will be by road or bridge, or other 

acceptable method according to DFO Operational Statements and Standards and Best 

Practices for Instream Works (Fisheries and Oceans Canada 2009). 

All temporary works, silt curtains, construction material or debris, etc. are to be 

completely removed from the waterway when work is completed. 

Appropriate secondary containment systems will be used for petroleum product storage 

tanks to prevent spills and releases to water.  This includes prevention of diesel release 

from pickups carrying tidy-tanks. 

Refuelling and maintenance activities will not occur, when feasible, within 30 m of a 

watercourse or waterbody except where required due to equipment breakdown or 

approved activities near water. 

Refuelling will occur at a refuelling point with drainage capture/collection installed, in the 

event that refuelling occurs elsewhere, drip trays may be used under vehicles and 

equipment. 

4.  Adaptive Management  

 The need for any corrective actions to on-site management or installation of additional 

control measures will be determined on a case-by-case basis. Indications of the need for 

corrective actions and additional control measures may include: 

• if results from the Surveillance Network monitoring program (which will be outlined in 

the future Type A Water Licence) show non-compliance; or 

• if results from the Aquatic Effects Monitoring Program, which will monitor the 

receiving environment around the mine infrastructure and activities, show negative 

effects to the freshwater environment. 

5.  Monitoring  

 An Aquatic Effects Monitoring Plan will be in place that outlines the Aquatic Effects 

Monitoring Program (AEMP) that will be carried out during all phases of the Project.  The 

AEMP will include the following: 

• monitoring a network of lakes and streams within the Goose and George Properties at 

locations potentially affected by the Project and at reference areas well away from 

Project activities; 

• monitoring lake and stream water quality, sediment quality, and aquatic biology; 

• monitoring fish populations and fish tissues; and 

• if effluent (as defined in MMER regulations) is discharged to the environment, then 

additional sampling for MMER requirements will be conducted (effluent 

characterization; acute toxicity testing; site characterization studies (including surface 

hydrology); sublethal toxicity testing). 

Regular inspections of water management facilities will be conducted by Environmental 

Personnel. 

There will be a Site Surveillance Network Monitoring Program that will be outlined in the 

future Type A Water Licence. This Program will consist of all of the site compliance 

monitoring that will be required for managing/moving and releasing water from all 

potential containment areas.  
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5.9 PROPOSED MONITORING PROGRAMS 

5.9.1 Conceptual Aquatic Effects Management Plan 

The Aquatic Effects Management Plan describes the specific measures to minimize or eliminate 

potential effects on the freshwater environment (presented in Volume 10, Chapter 19). The Plan 

describes and presents the following components: 

o The planning and implementation processes for the Plan, including the personnel and their 

responsibilities; 

o The mitigation and adaptive management measures; 

o The Aquatic Effects Monitoring Program (AEMP); and 

o The processes for adaptive management, checking, recordkeeping, reporting, and QA/QC. 

The AEMP will monitor the receiving aquatic environment around Project infrastructure and activities. 

Results from the monitoring will be used to determine if existing mitigation and management measures 

are adequate and provide an opportunity for adaptive management on an annual basis. It is anticipated 

that the AEMP will be a requirement of the future Type A Water Licence for the Project. The AEMP has 

also been designed to meet the requirements of mining Environmental Effects Monitoring (EEM), as 

required by the Metal Mining Effluent Regulations (MMER) under the Fisheries Act (1985), in the 

eventuality of discharges from the water management infrastructure into the freshwater receiving 

environment. 

5.10 IMPACT STATEMENT 

Eight potential effects were identified for the VEC freshwater sediment quality as a result of the 

Project: site preparation, construction, and decommissioning; site contact water; mine contact water; 

quarries and borrow pits; explosives; fuels, oils, and PAH; treated sewage discharge; and dust 

deposition. Potential effects were characterized using of key indicators and quantitative thresholds for 

potential effects as well as experience from other Northern projects and best professional judgement. 

Mitigation and management measures were described and their effectiveness was evaluated in the 

process of identifying residual effects. Three residual effects were identified after mitigation and 

management:  

o site preparation, construction, and decommissioning; 

o site contact water; and  

o mine contact water.  

Using the thresholds identified for the key indicators, each of these residual effects were rated with 

low magnitude and ultimately were rated as not significant because of the implementation of the 

extensive mitigation and management measures outlined in the Aquatic Effects Management Plan 

(Volume 10, Chapter 19) and in other management plans in Volume 10. All residual effects to 

freshwater sediment quality were predicted to be restricted to the LSAs. Residual effects are expected 

to be reversible with sediment quality returning to baseline conditions because of the resiliency of the 

freshwater environment to the predicted residual Project effects. 

No interactions between other past, present, or future projects and the Back River Project freshwater 

sediment quality residual effects were expected and no cumulative effects were predicted to occur. 
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6. Freshwater Fish/Aquatic Habitat 

6.1 EXISTING ENVIRONMENT AND BASELINE INFORMATION 

6.1.1 Overview and Regional Setting 

The Back River Project (the Project) is located in western Nunavut in the continuous permafrost zone 

of the continental Canadian Arctic. It is composed of three main areas: the Goose Property Area, the 

George Property Area, and the Marine Laydown Area (MLA; Figure 6.1-1). All areas would be connected 

by winter roads. All proposed infrastructure at the Goose Property lies within the Ellis River Watershed. 

The Ellis River Watershed flows to the northwest, and enters the ocean on the west side of Bathurst 

Inlet (see Federal Watershed map in Chapter 1 of this Volume). The Back River Watershed lies south of 

the proposed infrastructure in the Goose Property Area and flows to the east eventually entering the 

Arctic Ocean south of Gjoa Haven. Lakes and streams in the George Property Area drain into the 

Western River Watershed that flows north and enters Bathurst Inlet at its southernmost point.  

The region containing the Project is characterized by extensive networks of lakes and streams within a 

hummocky landscape with low elevation relief and exposed bedrock uplands. Winter is characterized 

by extreme cold (mean monthly temperatures -33°C), and ice cover is present on lakes between 

October and July. Air temperatures are highest in July, reaching a mean monthly temperature of 14°C 

(Rescan 2012e). Regional meteorological stations report total annual precipitation between 125 mm 

(2009) to 344 mm (2007) for the interval 2006 to 2012 (see Volume 4, Chapter 3 for additional 

information). Ice depths on waterbodies are typically 1.5 to 2 metres thick, and shallow waterbodies 

(< 1.5 m) freeze to the bottom (Rescan 2011, 2012b, 2013b).  

Hydrology in the Project area is snowmelt dominated, with peak flows occurring from early May to 

mid-June in most watersheds. Occasional rainfall-driven high flow events may occur between June and 

September.  

Both the Goose and George Properties are in the headwater regions of their respective watersheds and 

have relatively small upstream catchments. A few deep lakes provide the majority of year-round fish 

habitat, while shallow and ephemeral lakes and ponds provide seasonal habitat. Year-round habitat 

quality in lakes is primarily limited by depth, since overwintering by fish is only possible in lakes that 

do not freeze to the bottom or retain sufficient dissolved oxygen levels during ice cover. Streams in the 

Project area are generally small and shallow and do not provide overwintering fish habitat. Over the 

course of the summer, these streams tend to have low flow and low water levels. Many streams are 

ephemeral, flowing only during freshet, while others feature seasonal barriers such as boulder fields 

and seepages.  

6.1.2 Regulatory Framework 

 Fisheries Act 6.1.2.1

Fish and fish habitat are protected under the Fisheries Act (1985), as well as other federal regulatory 

acts and principles. In 2012, the Fisheries Act was amended to establish into legislation the federal 

government’s direction to focus efforts on protecting the productivity of commercial, recreational, and 

Aboriginal fisheries; to institute enhanced compliance and protection tools that are more easily 

enforceable; to provide clarity, certainty, and consistency of regulatory requirements; and to enable 

enhanced partnerships with stakeholders. 
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The changes to the Fisheries Act include a prohibition against causing serious harm to fish that are part 

of or support a commercial, recreational, or Aboriginal fishery (Section 35), provisions for flow and 

passage (Sections 20 and 21), and a framework for regulatory decision-making (Sections 6 and 6.1).  

The new Purpose section states that the fisheries protection provisions of the Fisheries Act aim to provide 

for the sustainability and ongoing productivity of commercial, recreational, and Aboriginal fisheries. 

The four factors in Section 6 and 6.1 to be taken into account by the Minister in decision-making (e.g., 

issuing authorizations) or making regulations are: 

o the contribution of the relevant fish to the ongoing productivity of commercial, recreational, 

or Aboriginal fisheries; 

o fisheries management objectives; 

o whether there are measures and standards to avoid, mitigate, or offset serious harm to fish 

that are part of a commercial, recreational, or Aboriginal fishery; and 

o the public interest. 

For the purposes of the Fisheries Act, serious harm to fish includes the death of fish or any permanent 

alteration to, or destruction of, fish habitat (PAD). The Fisheries Act defines fish habitat as “spawning 

grounds and any other areas, including nursery, rearing, food supply, and migration areas, on which 

fish depend directly or indirectly in order to carry out their life processes.” The term “fish” includes 

parts of fish; shellfish, crustaceans, marine animals, and any parts of shellfish, crustaceans, or marine 

animals; and the eggs, sperm, larvae, spat, and juvenile stages of fish, shellfish, crustaceans, and 

marine animals. 

On November 1, 2013, The Fisheries Protection Policy Statement (DFO 2013a) was issued and replaced 

the earlier Policy for the Management of Fish Habitat (DFO 1986). Although the new policy statement 

does not include the “no net loss” principle, as outlined in the earlier policy, application of this NNL 

principle provides some useful guidance when considering “serious harm to fish”. In addition, the 

direction found within the 2013 scientific guidance document (Koops et al. 2013; Randall et al. 2013) 

has been consulted and followed. 

Any project or activity that causes a serious harm to fish that are part of, or support, a commercial, 

recreational, or Aboriginal fishery requires an authorization from DFO. Regulations have been 

developed to guide the application for this authorization: Applications for Authorization under 

Paragraph 35(2)(b) of the Fisheries Act Regulations. DFO has issued additional guidance in the “The 

Fisheries Protection Program Operational Approach”. 

 Metal Mining Effluent Regulations 6.1.2.2

In 1996, Environment Canada undertook an assessment of the aquatic effects of mining in Canada. 

This assessment provided recommendations regarding the review and amendments of the Metal Mining 

Liquid Effluent Regulations, currently titled the Metal Mining Effluent Regulations (MMER; 

SOR/2002-222), and the design of a national Environmental Effects Monitoring (EEM) program for metal 

mining. The MMER, under the Fisheries Act, instruct metal mines to conduct EEM as a condition 

governing the authority to deposit effluent (MMER, Part 2, section 7). 

The MMER (SOR/2002-222) permit the deposition of mine effluent into water containing fish if the 

effluent pH is within a defined range, if the concentrations of the MMER deleterious substances in the 

effluent do not exceed authorized limits, and if the effluent is demonstrated to be non-acutely lethal 
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to Rainbow Trout (Oncorhynchus mykiss). These discharge limits were established to be minimum 

national standards based on best available technology economically achievable at the time that the 

MMER were promulgated. To assess the adequacy of the effluent regulations for protecting the aquatic 

environment, the MMER include EEM requirements to evaluate the potential effects of effluents on fish, 

fish habitat, and the use of fisheries resources.  

Regulations Amending the MMER were published in the Canada Gazette, Part II, in October 2006 

(Canada Gazette 2006). The purpose of these amendments was to clarify the regulatory requirements 

by addressing matters related to the interpretation and clarity of the regulatory text that had emerged 

from the implementation of the Regulations. 

Additional amendments to the MMER were published in the Canada Gazette, Part II, in March 2012 

(Canada Gazette 2012). The following changes were made to improve the EEM provisions of the MMER:  

o modifications to the definition of an “effect on fish tissue” in order to be consistent with 

the Health Canada fish consumption guidelines and to clarify that the concentration of 

total mercury in tissue of fish from the exposure area must be statistically different from 

and higher than its concentration in fish tissue from the reference area;  

o addition of selenium and electrical conductivity to the list of parameters required for 

effluent characterization and water quality monitoring;  

o exemption for mines, other than uranium mines, from monitoring radium 226 as part of the 

water quality monitoring, if 10 consecutive test results showed that radium 226 levels are 

less than 10% of the authorized monthly mean concentration (subsection 13(2) of the 

Regulations; SOR/2002-222); 

o change to the time frame for the submission of interpretative reports for mines with 

effects on the fish population, fish tissue, and benthic invertebrate community from 24 to 

36 months;  

o change to the time frame for the submission of interpretative reports for magnitude and 

geographic extent of effects, and for investigation of cause of effects, from 24 to 36 months; 

and  

o minor changes to the wording for consistency within Schedule 5. 

6.1.3 Proximity to Designated Environmental Areas 

No existing or proposed parks or conservation areas are located near the proposed Project. The nearest 

conservation area is the Queen Maud Gulf Migratory Bird Sanctuary approximately 100 km east of Bathurst 

Inlet on the far side of the Kent Peninsula. The Draft Nunavut Land Use Plan (Nunavut Planning 

Commission 2012) has no special designation in the George and Goose RSAs, but the caribou calving 

grounds outside the RSA have been designated PSE-R2. The proposed Hiukitak River Cultural Area is on 

the eastern shore of Bathurst Inlet outside the RSA, and is located 40 km east of Kingaok, 60 km north-

east of the proposed Marine Laydown Area (MLA), and 140 km north of the George Property. 

6.1.4 Baseline Study Area 

Freshwater fish/aquatic habitat baseline studies were undertaken from 2010 to 2013 in the Back River 

Project area. Baseline studies conducted in 2010 and 2011 focused on the Goose Property, while 

studies in 2012 and 2013 focused on both the George and Goose Properties. Figures 6.1-2 and 6.1-3 

show the Goose and George Local Study Areas (LSAs), along with waterbodies where baseline fish 

habitat studies were conducted. 
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Lake/Pond Fish Habitat Baseline Data
(2010 - 2013) for the George Property Area

Figure 6.1-3
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6.1.5 Baseline Studies 

 Information Sources 6.1.5.1

Comprehensive baseline fish habitat and aquatic habitat data are available for the Goose and George 

Properties from 2010 to 2013 (Rescan 2010, 2012a, 2012b, 2012c, 2012d, 2013a, 2013b). Supplemental 

historical data are also available prior to 2010. The following provides a summary of the available 

baseline data from 2010 to 2013.  

2010 Baseline Studies (Goose Property Area) 

o Fish Habitat Baseline (Rescan 2010, Appendix V6-6A): 

− Characterize fish habitat in Llama, Umwelt, and Reference B lakes via hydroacoustic 

methods, underwater video, and visual observation. 

2011 Baseline Studies (Goose Property Area) 

o Fish Habitat Baseline (Rescan 2012a, Appendix V6-6B): 

− Pond Assessments:  

Describe the type of fish habitat (substrate composition and cover in the littoral areas); and  

Assess ponds for their ability to support perennial fish habitat. 

− Lake Assessments:  

Characterize fish habitat quality in Goose, Llama, Umwelt, and Reference B lakes through 

visual observation. 

o Freshwater Baseline (Rescan 2012b, Appendix V6-3B): 

− Lake Assessments: 

Collect baseline August phytoplankton, zooplankton, and benthos density and community 

composition data in Giraffe, Llama, Goose, Umwelt, Propeller, and Reference B lakes. 

− Stream Assessments: 

Collect baseline August periphyton and benthos density and community composition data in 

Chair Outflow, Llama Outflow, Echo Outflow, Giraffe Outflow, Wolf Outflow, Goose 

Outflow, Propeller Outflow, Propeller Downstream, and Reference B Outflow. 

2012 Baseline Studies (Goose and George Property Areas) 

o Fish Habitat Baseline (Rescan 2012c, Appendix V6-6C): 

− Assess fish habitat at stream crossings near potential site roads; 

− Assess fish habitat that could be affected by potential mine development at the Goose and 

George Properties; and 

− Assess and map fish habitat within the footprint of a potential tailings storage area in the 

Moby Lake watershed. 

o Freshwater Baseline (Rescan 2012d, Appendix V6-3C): 

− Lake Assessments: 

Collect baseline August phytoplankton, zooplankton and benthos density and community 

composition data in 24 lake sites in the Goose and George Properties. 

− Stream Assessments: 

Collect baseline August periphyton, and benthos density and community composition data 

in 17 stream sites in the Goose and George Properties. 
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2013 Baseline Studies (Goose and George Property Areas) 

o Fish Habitat Baseline (Rescan 2013b); results will be available in early 2014: 

− Collect baseline fish habitat information in Giraffe, Propellor, and Wasp lakes; 

− Conduct detailed habitat surveys on streams that could be affected by development of 

mine infrastructure and compensation, including Giraffe Inflow, Llama Outflow, Rascal 

Outflow, and Echo Inflow. 

o Freshwater Baseline (Rescan 2013a); results will be available in early 2014. 

Supplemental Historical Information 

Additional information on the freshwater environment came from studies conducted in the Back River 

region between 1990 and 2007. These data were used to supplement baseline information and to give a 

longer temporal range for some information. These studies included: 

o Field Report — Back River Project Freshwater Aquatic Resources 2007 (Gartner Lee Ltd. 2008): 

collected phytoplankton biomass data from two lake sites in the Goose Property Area and 

two lake sites in the George Property Area. 

o George Lake Project — 1997 Data (Norecol Dames & Moore 1997): conducted fish habitat 

assessments on Goose Lake and Big Lake in 1996 near the current Goose Property Area. 

This included basic assessments of habitat quality on tributary streams and ponds surrounding 

both lakes. Additionally, they collected periphyton from three streams and benthos from the 

two lakes. Periphyton taxonomy data are missing but biomass data are available, and benthos 

data is limited to summed data and species lists. 

o Preliminary Studies of Fish and Fish Habitat in the George Lake Area, N.W.T. (Sekerak 1990): 

conducted preliminary assessments of fish habitat in the area surrounding George Lake. 

Lake habitat assessments included George Lake, Fold Lake, Bob Lake, Lytle Lake, Occurrence 

Lake, Esker Pond, Komatic Lake, Dragon Lake, Upper Dragon Lake, and Upper and Lower Long 

Lake. Stream assessments were conducted on Kanosak Creek, Dragon Creek and on the 

channels connecting Fold Lake to George Lake and Upper Long Lake to Lower Long Lake. 

 Baseline Study Methods — Lakes and Ponds 6.1.5.2

Freshwater Fish Habitat — Physical Characteristics 

Fish habitat — the region and physical resources essential for fish to carry out life processes — was 

assessed in lakes and ponds within the Goose and George Property Areas between 2010 and 2013. 

Shoreline habitat was assessed at each site to determine the substrate composition, abundance of 

aquatic cover, and extent of the littoral zone (generally defined as the depth to which the bottom 

remained visible from the surface). Maximum depth measurements were estimated using hand-held 

depth sounders at most sites, exceptions being those sites where bathymetric surveys were performed 

(Figures 6.1-2 and 6.1-3). In addition to bathymetry, bottom habitat typing was performed with a 

hydroacoustic echosounder at several lakes including: Umwelt, Llama, Reference B and Propeller. 

Figures 6.1-2 and 6.1-3 present the locations and types of physical habitat surveys conducted between 

2010 and 2013 in the Goose and George Property Areas. 
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Freshwater Fish Habitat — Biological Resources 

Phytoplankton 

Baseline data on phytoplankton — organisms that form the base of pelagic food chains leading to fish — 

are available for 22 lakes collected from 2007, 2011, 2012, and 2013 (Rescan 2012b; 2012d 

[Appendix V6-3B, V6-3C]; 2013a; Figures 6.1-4 and 6.1-5; Table 6.1-1).  

Table 6.1-1.  Summary of Baseline Lake Phytoplankton Sampling Conducted at George and Goose 

Property Areas 

Year 2007 2011 2012 2013 

Sampling Month(s) August August April (chl α only), 

August 

April (chl a only), 

August 

Sampling Agency Gartner Lee Rescan Environmental 

Services Ltd. 

Rescan Rescan 

Data Collected Chl a* Chl a, phytoplankton 

taxonomy and density 

Chl a, phytoplankton 

taxonomy and density 

Chl a, phytoplankton 

taxonomy and density 

Sampling Method Grab samples GO-FLO sample from 

1 m depth; 0.45 µm 

filters 

Sample from 1 m 

depth (or 1 m below 

ice-water interface)†;  

0.45 µm filters 

Sample from 1 m 

depth (or 1 m below 

ice-water interface)†;  

0.45 µm filters 

Taxonomists - Bio-limno Research 

and Consulting Inc, 

Halifax NS 

EcoAnalysts, Moscow 

ID, USA 

EcoAnalysts, Moscow 

ID, USA 

Analytical Lab (for 

chl a) 

ALS Environmental, 

Edmonton, AB 

ALS Environmental, 

Burnaby BC 

ALS Environmental, 

Burnaby BC 

ALS Environmental, 

Burnaby BC 

Lake(s) Sampled Goose Property Goose Property Goose Property Goose Property 

Goose Lake  Goose Lake  Goose Lake  Goose Lake  

Propeller Lake Llama Lake  Propeller Lake  Propeller Lake 

 Giraffe lake Giraffe Lake  Giraffe Lake 

 Umwelt Lake Rabbit Lake Umwelt Lake 

 Reference B Lake Fox Lake Reference B Lake 

  Rascal Lake Rascal Lake  

  Big Lake Leaf Lake 

  Moby Lake Wasp Lake 

  Del Lake  

George Property  George Property George Property 

Lytle Lake  George Lake  George Lake 

Bob Lake  Lytle Lake  Bob Lake 

  Occurrence Lake  Occurrence Lake 

  Dragon Lake  Dragon Lake 

  Komatic Lake  Komatic Lake  

  Fold Lake  Esker Lake 

  Lower Long Lake McCoy Lake 

  Reference C Lake Reference Q Lake 

  Sleigh Lake   

Number of 

Replicates per Site 

n = 1 n = 3 n = 1 (April) n = 1 (April) 

n = 3 (August) n = 3 (August) 

* Note all chlorophyll a data was below detection limit in 2007 (< 1 µg/L). 
† Under-ice sampling in April. 
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Phytoplankton are free-floating photosynthetic microorganisms that use inorganic nutrients and 

sunlight to produce organic matter. They play an important ecological role in many aquatic systems as 

primary producers and food for higher trophic levels. In ponds and lakes, for example, phytoplankton 

are the main source of food for zooplankton, which are consumed directly by planktivorous fish. 

Zooplankton are also consumed by certain pelagic and benthic invertebrates, which constitute 

important food resources for insectivorous and omnivorous species of fish. 

Phytoplankton biomass (as chlorophyll a) and taxonomy samples were collected using Niskin sampling 

bottles (ice-covered sampling) or GO-FLO sampling bottles (open-water sampling). All samples were 

transferred into 1 L plastic bottles and stored in a cool, dark cooler until return to camp. Once at 

camp, the biomass samples were filtered onto 0.45 µm filters that were wrapped in aluminum foil and 

stored frozen. Chlorophyll samples were analyzed at ALS laboratories in Burnaby, BC. Taxonomy 

samples were preserved with Lugol’s iodine solution once back at camp. These samples were sent 

immediately a qualified taxonomist for enumeration and identification. 

Zooplankton 

Baseline data on zooplankton — secondary producers composing a key dietary resource for fish — have 

been collected from 18 lakes between 2011 and 2012 (Rescan 2012b; 2012d; Figures 6.1-4 and 6.1-5). 

Zooplankton are small aquatic organisms that feed on bacteria, phytoplankton, other zooplankton, and 

particulate organic matter, and are prey for larger organisms including other zooplankton and fish. 

Zooplankton data were collected from both Giraffe and Goose lakes in 2011 and 2012. 

Zooplankton density and taxonomy samples were collected at each lake site, with three replicate 

vertical hauls conducted at each site using plankton net fitted with a 118 µm mesh. The net was 

lowered to 1 m above the sediment and brought to the surface at a speed of 0.5 m/s. An internally-

mounted flow meter was used to record the volume of water passing through the net during all hauls. 

Zooplankton samples were preserved with 10% buffered formalin and sent to a qualified taxonomist for 

enumeration and identification. 

Benthic Invertebrates 

Baseline data on benthic invertebrates — the most important prey for adult invertivorous 

(e.g., insectivorous) fish and juvenile piscivorous fish — have been collected from 21 lakes during the 

summers of 1997 (Norecol Dames & Moore 1997), 2011, 2012, and 2013 (Rescan 2012b, 2012d; 2013a; 

Table 6.1-2; Figures 6.1-4 and 6.1-5).  

Benthic invertebrates are a diverse group of organisms that live on or in the sediments, making up an 

important component of lake ecosystems. Crustaceans, insects, and molluscs compose the bulk of this 

resource pool, which is also referred to as benthos. These organisms feed on algae, bacteria, detritus, 

and other invertebrates and are an important pathway for energy and nutrients to move between 

primary producers and upper trophic levels, for example from the lake bottom to the open water 

column and eventually into fish species like Lake Trout (Salvelinus namaycush) and Arctic Grayling 

(Thymallus arcticus). 

Replicate samples of benthic invertebrates were collected from lake sediments at each site. 

Replicates within sites were collected approximately 20 to 50 m apart from one another. 

Once recovered, each sediment sample was transferred into a 500 µm sieve bucket and was rinsed with 

site-specific water until free of sediments. The material retained within the sieve was then placed into 

a labelled plastic jar and filled with 10% buffered formalin. All benthos samples were sent to a 

qualified taxonomist for enumeration and identification. Density of benthic invertebrates was 

calculated by dividing the total count of each benthic invertebrate species (or taxon) by the surface 

area of the sediment sampler. These methods, employed for all of the Rescan collections, differed 

from those used previously by Norecol Dames & Moore (1997) see Table 6.1-3. 
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Lake/Pond Fish Habitat —
Aquatic Resources Baseline Data (1997 - 2013)

for the Goose Property Area

Figure 6.1-4
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Lake/Pond Fish Habitat —
Aquatic Resources Baseline Data (2007 - 2013)

for the George Property Area

Figure 6.1-5
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Table 6.1-2.  Summary of Baseline Lake Zooplankton Sampling Conducted at the Goose and George 

Property Areas 

Year 2011 2012 

Sampling Month(s) August August 

Sampling Agency Rescan Environmental Services Ltd. Rescan Environmental Services Ltd. 

Data Collected Zooplankton taxonomy and density Zooplankton taxonomy and density 

Sampling Methods Horizontal/vertical tows depending 

on site depth; 118 µm mesh net,  

0.3 m diameter; Flow meter 

Horizontal/oblique/vertical tows 

depending on site depth; 

118 µm mesh net, 0.3 m diameter 

Taxonomist Applied Technical Services, Victoria, BC EcoAnalysts, Moscow, ID, USA 

Lake(s) Sampled Goose Property Goose Property 

Goose Lake Goose Lake  

Giraffe Lake Giraffe Lake  

Llama Lake Big Lake  

Reference B Lake Del Lake  

Umwelt Lake Fox Lake 

 Rabbit Lake 

 George Property 

 Dragon Lake  

 Fold Lake 

 George Lake 

 Komatic Lake 

 Lower Long Lake  

 Lytle Lake  

 Occurrence Lake 

 Reference C Lake 

Number of Replicates per Site n = 3 n = 3 

Table 6.1-3.  Summary of Baseline Lake Benthos Sampling Conducted at the Goose and George 

Property Areas 

Year 1997 2011 2012 2013 

Sampling Month(s) August August August July 

Sampling Agency Norecol Dames and 

Moore 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Data Collected Benthos taxonomy 

and density* 

Benthos taxonomy and 

density 

Benthos taxonomy and 

density 

Benthos taxonomy and 

density 

Sampling Method Ponar grab 

(0.0232 m2); sieve 

size unknown 

Ekman (0.0225 m2); 

500 µm sieve bucket 

Ekman (0.0225 m2); 

500 µm sieve bucket 

Ekman (0.0225 m2); 

500 µm sieve bucket 

Analytical Lab ECCON Environmental, 

unknown location 

Dr. Jack Zloty, 

Summerland, BC 

EcoAnalysts, Moscow 

ID, USA 

EcoAnalysts, Moscow 

ID, USA 

Lake(s) Sampled Goose Property Goose Property Goose Property Goose Property 

Goose Lake Goose Lake Goose Lake Goose Lake 

Big Lake Giraffe Lake Giraffe  Lake Giraffe Lake 

(continued) 
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Table 6.1-3.  Summary of Baseline Lake Benthos Sampling Conducted at the Goose and George 

Property Areas (completed) 

Lake(s) Sampled 

(cont’d) 

 Llama Lake Rascal Lake Rascal Lake 

 Umwelt Lake Big Lake Umwelt Lake 

 Reference B Lake Fox Lake Reference B Lake 

  Propeller Lake Propeller Lake  

  Rabbit Lake Leaf Lake 

  Pond 19 Wasp Lake 

  Del Lake  

  George Property George Property 

  George Lake George Lake 

  Occurrence Lake  Occurrence Lake  

  Dragon Lake  Dragon Lake  

  Komatic Lake  Komatic Lake  

  Fold Lake Bob Lake  

  Lower Long Lake  Esker Lake 

  Lytle Lake McCoy Lake 

  Sleigh Lake Reference Q Lake 

  Reference C Lake  

Number of 

Replicates 

n = 5 per site n = 5 or n = 10 

depending on lake 

depth 

n = 5 or n = 10 

depending on lake 

depth 

n = 5 or n = 10 

depending on lake 

depth 

Composition of a 

Single Replicate 

Assume each replicate 

is from a single pull, 

although this is not 

stated in methods 

Each replicate a 

composite of 

three pulls 

Each replicate a 

composite of 

three pulls 

Each replicate a 

composite of 

three pulls 

Area Sampled per 

Replicate (m2)  

0.0232 0.0675 0.0675 0.0675 

* Note: raw densities are unavailable, only summed densities/sample with no clarity on what organisms were included 

or excluded. 

 Baseline Study Methods — Streams 6.1.5.3

Freshwater Fish Habitat — Physical Characteristics 

Fish habitat in streams was surveyed using methods based on the Fish Habitat Assessment Procedures 

(FHAP; Johnston and Slaney 1996). Representative sections of each reach were chosen for assessment and 

individual habitat units were measured with respect to length, bankfull and wetted width, depth, 

substrate composition, residual pool depth, bank stability, bank height, and instream cover. Barriers to 

fish migration were also noted and measured, where appropriate. Habitat suitability for spawning, rearing, 

and overwintering was described and an overall habitat quality ranking was applied (Table 6.1-4). 

All streams within proposed infrastructure areas were ground-truthed, mapped, and the habitat was 

assessed through the implementation of the Sensitive Habitat Inventory Mapping (SHIM) protocol. 

The SHIM method is intended as a standard for watercourse and fish habitat mapping in British 

Columbia (Mason and Knight 2001) and was adapted for use in Arctic streams by Rescan. This method 

attempts to ensure the collection and mapping of reliable, high quality, current, and spatially accurate 

information about fish habitats and watercourses. The habitat data collected was similar to that collected 

during FHAP surveys; however, it was geo-referenced to the stream using a highly accurate GPS. 
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Table 6.1-4.  Overall Habitat Quality Rankings and Criteria 

Habitat Quality Ranking 

High Medium Low 

Definition Habitat that is necessary to 

sustain an Aboriginal, 

commercial, or recreational 

fishery, any species at risk*, or 

because of the habitat’s relative 

rareness, productivity, and/or 

sensitivity. 

Habitat that is used by fish for 

feeding, growth, and migration 

but is not deemed to be essential. 

This category of habitat usually 

contains a large amount of similar 

habitat that is readily available to 

the fishery. 

Habitat that has low productive 

capacity and contributes 

marginally to fish production. 

Indicators The presence of high-value 

spawning or rearing habitat (e.g., 

locations with an abundance of 

suitably sized spawning gravels, 

deep pools, undercut banks, or 

stable debris, which are necessary 

to the population), or the presence 

of any SARA-listed species*, its 

residence, or its critical habitat. 

Migration corridors, the presence 

of suitable spawning habitat, 

habitat with moderate rearing 

potential for the fish species 

present. 

The absence of suitable spawning 

habitat, and habitat with low 

rearing potential (e.g., locations 

with a distinct absence of deep 

pools, undercut banks, or stable 

debris, and with little or no 

suitably sized spawning gravels 

for the fish species present). 

Notes: *terrestrial or aquatic red- and blue-listed species, those designated by the Committee on the Status of 

Endangered Wildlife in Canada, or those SARA-listed species. 

Figures 6.1-6 and 6.1-7 present the locations of stream fish habitat surveys conducted between 2010 

and 2013 in the Goose and George Property Areas.  

Freshwater Fish Habitat — Aquatic Resources 

Periphyton 

Baseline data on periphyton — an important base to the food chains upon which many stream fish rely 

— are available for 18 stream sites and were collected during 1997, 2011, 2012, and 2013 (Rescan 

2012b, 2012d; 2013a; Figures 6.1-8 and 6.1-9; Table 6.1-5). Periphyton communities consist of algae 

that grow on the surfaces of rocks or larger plants, and are an important source of food and nutrients 

for many benthic invertebrates, which are, in turn, prey for fish.  

Table 6.1-5.  Summary of Baseline Stream Periphyton Sampling Conducted for the 

Back River Project 

Year 1997 2011 2012 2013 

Sampling Month(s) August August August July 

Sampling Agency Norecol Dames and 

Moore 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Data Collected Chl a, periphyton 

taxonomy 

(data currently 

unavailable) 

Chl a, periphyton 

taxonomy and density 

Chl a, periphyton 

taxonomy and density 

Chl a, periphyton 

taxonomy and density 

Sampling Method Instantaneous – 

rock scrapping 

Instantaneous – 

rock scrapping 

Instantaneous – 

rock scrapping 

Instantaneous – 

rock scrapping 

Taxonomists Unknown Bio-limno Research 

and Consulting Inc, 

Halifax, NS 

EcoAnalysts, Moscow, 

ID, USA 

EcoAnalysts, Moscow, 

ID, USA 

(continued) 
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Table 6.1-5.  Summary of Baseline Stream Periphyton Sampling Conducted for the 

Back River Project (completed) 

Analytical Lab 

(for chl a) 

Unknown ALS Environmental, 

Burnaby, BC 

ALS Environmental, 

Burnaby, BC 

ALS Environmental, 

Burnaby, BC 

Stream(s) Sampled Goose Property Goose Property Goose Property Goose Property 

Goose OF  Goose OF  Goose OF  Goose OF  

Goose IF (SE) Giraffe OF  Giraffe OF  Giraffe OF  

Wolf OF Propeller D/S  Propeller OF  Propeller OF  

 Reference B OF  Reference B OF  Reference B OF 

 Chair OF Chair OF TIA OF  

 Llama OF Llama OF Wasp OF 

 Wolf  OF Wolf OF Umwelt OF  

  Del IF  

  Del US   

  Moby OF  

  Pond 19 OF  

  George Property George Property 

  George OF George OF 

  Sleigh OF Sleigh OF  

  Dragon OF Lytle OF 

  Komatic IF* McCoy Watershed OF 

  Reference C OF Reference Q OF 

Number of 

Replicates per Site 

n = 1 n = 3 n = 3 n = 3 

Composition of a 

Single Replicate 

Each replicate is a 

composite of 

5 scrapped areas 

Each replicate is a 

composite of 6 scrapped 

areas (collected from 

two rocks) 

Each replicate is a 

composite of 6 scrapped 

areas (collected from 

two rocks) 

Each replicate is a 

composite of 6 scrapped 

areas (collected from 

two rocks) 

Area Sampled per 

Replicate (m2)  

0.0125 0.0095 0.0095 0.0095 

* Komatic Inflow had no rocks so periphyton were collected from sediment surface using modified methods. 

Available data from 1997 is limited to chlorophyll a concentrations and a list of species found at the 

three sites sampled. For the 2011, 2012, and 2013 samples, a circular template with a foam base was 

used to seal a known area of rock from the rest of that rock (see Table 6.1-5). Periphyton attached to 

the rock inside this circular area was collected using tweezers, a modified toothbrush, a syringe, and 

distilled water. For each replicate, two rocks were selected with flat upper surfaces suitable for 

periphyton sampling. All constituents of the attached periphyton community were sampled from three 

circular areas on each of the two rocks for each replicate (i.e., a total of six circular areas per replicate).  

Benthic Invertebrates 

Baseline data on benthic invertebrates (benthos) — organisms that live on or in the stream sediments 

and serve as food for many fish inhabiting running water — were collected from 19 stream sites during 

the summer of 1997 (Norecol Dames & Moore 1997), 2011, 2012, and 2013 (Rescan 2012b, 2012d; 2013a; 

Figures 6.1-8 and 6.1-9; Table 6.1-6). Benthic invertebrates inhabiting streams feed on algae, bacteria, 

and detritus and are an important pathway for energy and nutrients to move into higher trophic levels, 

particularly fish.  
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Stream Fish Habitat Baseline Data
(2010 - 2013) for the Goose Property Area

Figure 6.1-6
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Stream Fish Habitat —
Aquatic Resources Baseline Data

(1997 - 2013) for the Goose Property Area

Figure 6.1-8
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Stream Fish Habitat —
Aquatic Resources Baseline Data

(2012 - 2013) for the George Property Area

Figure 6.1-9
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Table 6.1-6.  Summary of Baseline and Historical Stream Benthos Sampling Conducted for the 

Back River Project, 1997 to 2013 

Year 1997 2011 2012 2013 

Sampling Month(s) August August August July 

Sampling Agency Norecol Dames and 

Moore 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Rescan Environmental 

Services Ltd. 

Data Collected Benthos taxonomy 

and density* 

Benthos taxonomy 

and density 

Benthos taxonomy 

and density 

Benthos taxonomy 

and density 

Sampling Method Waters and Knapp 

sampler (30 cm 

diameter, 30 cm 

height); sieve mesh 

size unknown 

Hess Sampler 

(0.096 m2); 500 µm 

mesh size 

Hess Sampler 

(0.096 m2); 500 µm 

mesh size 

Hess Sampler 

(0.096 m2); 500 µm 

mesh size 

Analytical Lab ECCON 

Environmental, 

unknown location 

Dr. Jack Zloty, 

Summerland, BC 

EcoAnalysts, Moscow, 

ID, USA 

EcoAnalysts, Moscow, 

ID, USA 

Stream(s) Sampled Goose Property Goose Property Goose Property Goose Property 

Wolf Outflow Chair Outflow Moby Outflow WASP OF 

Goose SE IF Llama Outflow Del Inflow TIA OF 

Goose Outflow Giraffe Outflow Del US Giraffe OF 

 Wolf Outflow Pond 19 Outflow Umwelt OF 

 Goose Outflow Chair  Outflow Goose OF 

 Propeller Outflow Giraffe Outflow Propeller OF 

 Propeller D/S Wolf Outflow Reference B OF 

 Reference B Outflow Goose Outflow  

  Propeller Outflow  

  Reference B Outflow  

  George Property George Property 

  George Outflow George OF 

  Sleigh Outflow Lytle OF 

  Dragon Outflow Sleigh OF 

  Reference C Outflow  McCoy Watershed OF  

  Komatic Inflow Dragon OF (Kom. IF) 

   Reference Q OF 

Number of 

Replicates per Site 

n = 5 n = 5 n = 5 n = 5 

Composition of a 

Single Replicate 

Assume each 

replicate is from a 

single sample 

although this is not 

stated in methods 

Each replicate 

a composite of 

3 pooled samples 

Each replicate 

a composite of 

3 pooled samples 

Each replicate 

a composite of 

3 pooled samples 

Area Sampled per 

Replicate (m2)  

0.0701 (based on 

above assumption) 

0.288 0.288 0.288 

* Note: raw densities are unavailable, only summed densities/sample with no clarity on what organisms were included 

or excluded. 
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Data collection methods in 1997 differed from those in 2011, 2012, and 2013, which prevented 

comparisons between these time periods, with the exception of species presence and absence 

(see Table 6.1-6). The slow flow velocities and low water levels that occur in streams in late summer 

created some challenges for sampling stream benthos; however, these dry conditions were generally 

consistent between streams and years. Sampling methodologies are presented in Table 6.1-5, and 

sampling locations are shown in Figures 6.1-8 and 6.1-9. 

 Fish/Aquatic Habitat QA/QC 6.1.5.4

Quality assurance and quality control was implemented at several stages of the fish habitat field 

programs in order to ensure accurate data collection and analysis. In the field, practice sessions were 

held with crew leaders at the beginning of each sampling trip to ensure that sampling and data 

collection was being conducted in a standard manner. Scales and electronic measuring devices 

(conductivity and pH meters) were calibrated prior to the beginning of the field trip. Upon entry of the 

data into databases, data was checked against field cards to verify the accuracy of data entry and to 

check for transcription errors.  

Chain of custody forms were used for all aquatic resource samples. All sampling involved replication; 

triplicate samples were taken for chlorophyll a (phytoplankton biomass), phytoplankton taxonomy, 

periphyton taxonomy, and zooplankton taxonomy. A higher degree of replication was employed for 

benthos samples (i.e., n = 5). Additional QA/QC measures were used by the benthic invertebrate 

taxonomist to ensure consistent and accurate sorting of benthos samples. 

As part of the QA/QC program, the re-sorting of benthic sample residues was conducted on a randomly 

selected subsample (10%) of the benthos samples to determine the level of sorting efficiency. 

The criterion for acceptable sorting was that more than 90% of the total number of organisms found in 

both the initial and QA/QC sort were recovered during the initial sort, as required by Environment 

Canada for invertebrate community surveys (Environment Canada 2002). Any sample not meeting this 

90% removal criterion was re-sorted a third time. During this step of the QA/QC program, 90% minimum 

efficiency was attained for all benthos samples. 

6.1.6 Setting — Lake Habitat 

 Fish Habitat — Physical Characteristics 6.1.6.1

Goose Property Area 

The Goose Property contains many lentic waterbodies that range in size from large lakes to small ponds 

and wetlands. Most lakes in the region feature littoral habitat well suited for northern fish species, 

i.e., shorelines dominated by mixed rock, with occasional outcrops of bedrock (Rescan 2010); 

Figure 6.1-2; Plate 6.1-1). However, deeper lake areas (> 2.5 m depth), which serve as fish overwintering 

habitat, are uncommon in the Goose Property and may limit fish population sizes in many lakes and ponds 

(Rescan 2012c). The maximum depth of most lakes averages between 4 and 6 m. Most of the lakes 

surveyed support fish spawning, rearing, and feeding, with fewer supporting overwintering (Table 6.1-7).  

Umwelt Lake is in the Llama watershed, upstream of Goose Lake and downstream of Llama Lake. 

The lake is relatively shallow, with a maximum depth of 3.0 m that limits the potential area for fish 

overwintering as much of the lake freezes to the bottom during winter. Mixed rock shorelines may 

provide spawning and rearing habitat for Arctic Grayling, and fish may use the lake for summer 

spawning, rearing and feeding. The limited connection and low flow between Umwelt Lake to Llama 

and Goose lakes late in summer indicates that Arctic Grayling do use Umwelt to overwinter. 

The deeper areas of the lake are dominated by sandy substrate. In many places, the transition between 

rocky shoreline substrate and sandy lake bottom is abrupt (Plate 6.1-2).  
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Plate 6.1-1.  Boulder-dominated shoreline typical of lakes in the Goose 

Property. Big Lake, August 2012. 

 

Plate 6.1-2.  Abrupt transition between rocky shoreline substrate and muddy 

benthic substrate at Umwelt Lake, Goose Property. August 2012. 
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Table 6.1-7.  Summary of Fish Habitat Quality in Goose Property Area Lakes and Ponds Surveyed 

between 2010 and 2013 

Waterbody 

Data 

Source 

Surface 

Area 

(ha) 

Maximum 

Depth (m) 

Overall Fish 

Habitat 

Spawning Habitat 
Summer Rearing 

and Feeding 

Habitat 

Overwintering 

Habitat 

Lake-spawning 

Salmonids 

Forage 

Fish** 

Goose Property         

Goose Lake 2,3 320.2 16.5 Medium Good Poor Good Good 

Llama Lake 1,2,3 36.7 13.6 Medium Good Fair Good Good 

Umwelt Lake 1,2,3,4 20.2 3.0 Low Poor Fair Good Poor 

Big 3 403.8 5.6 Medium Good Poor Good Fair 

Fox 3 72.0 6.9 Medium Fair Fair Fair Fair 

Rabbit 3 59.6 4 Medium Fair Poor Fair Fair 

Moby 3 59.4 12.5* Medium Good Poor Good Good 

Rascal 3 28.2 4* Medium Fair Fair Fair Fair 

Swan 3 408.3 6* Medium Good Poor Good Fair 

Pond 19 3 1.8 < 2* Low Poor Fair Poor None 

Pond 1 2 6.3 3* Low Poor Fair Poor Poor 

Pond 2 2 4.1 < 2* Low Poor Fair Poor None 

Pond 3 2 2.6 < 2* Low Poor Poor Poor None 

Pond 4 2 9.8 4* Low Poor Fair Poor Fair 

Pond 5 2 3.5 1.5* Low Poor Fair Poor None 

Pond A 2 4.8 3* Low Poor Poor Poor Poor 

Pond B 2 5.8 1.5* Low Fair Fair Fair None 

Pond C 2 3.6 4* Low Poor Fair Fair Fair 

Pond D 2 6.8 4* Low Poor Fair Fair Fair 

Pond E 2 9.3 < 2* Low Fair Fair Fair None 

Pond F 2 5.4 < 2* Low Poor Fair Poor None 

Pond G 2 4.2 < 2* Low Poor Fair Poor None 

Pond H 2 2.8 < 2* Low Poor Fair Poor None 

Pond I 2 4.7 < 2* Low Poor Poor Fair None 

Pond J 2 2.7 < 2* Low Poor Poor Poor None 

Pond K 2 4.4 < 2* Low Poor Fair Fair None 

Pond L 2 15.2 2.5* Medium Fair Poor Good Poor 

Reference Sites         

Reference B Lake 1,2,3 36.0 5.1 Medium Good Fair Good Fair 

* Maximum depth was estimated 

** Forage fish include species such as Ninespine Stickleback and Slimy Sculpin. 
1 Rescan (2010); 2 Rescan (2012a); 3 Rescan (2012c); 4 Rescan (2013a). 

Llama Lake is upstream of Umwelt Lake and is connected in the summer months to Umwelt Lake by a 

short stream. The substrate of Llama Lake is dominated by mixed rock, particularly around the 

shorelines and in shallow areas. Deeper water areas are dominated by silt. The maximum depth of 

Llama Lake is 13.6 m, which allows sufficient depth and oxygen levels for fish overwintering. The 

deeper sections of Umwelt and Llama Lake provide overwintering habitat to Lake Trout and Round 

Whitefish (Prosopium cylindraceum) in the sub-watershed. 
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Pond habitat in the Goose Property is generally shallow and many of the ponds featured ephemeral 

inflows or outflow that would limit fish migration into and out of these waterbodies (Rescan 2012a). 

Owing to their shallow depths, these ponds freeze all the way to the bottom in winter, making them 

unsuitable for overwintering habitat.  

Of the 17 ponds surveyed in 2011, most did not provide year-round fish habitat due to their shallow 

depth and poorly defined inflows and outflows (Plate 6.1-3). The surface area of the ponds surveyed 

ranged from 2.6 to 15.2 ha, and the maximum depth ranged, on average, from 1.5 to 4.5 m. Ponds are 

dominated by fine sediments (e.g., Pond A, Pond H) and some provide seasonal habitat for forage 

species such as Ninespine Stickleback (Pungitius pungitius) and Slimy Sculpin (Cottus cognatus). 

However, the depth of most ponds precludes fish overwintering and, when coupled with ephemeral 

flows provides marginal to poor fish habitat. Ponds dominated by rocky substrates (e.g., Pond L, Pond E) 

may be suitable for Arctic Grayling spawning and rearing. But again, use of these ponds is likely limited 

by access to suitable overwintering habitat and ephemeral connections to deeper lakes (Table 6.1-7).  

George Property Area 

The George Property contains a few deep lakes (e.g., George, Dragon, Fold) and several shallow lakes 

and ponds (e.g., Occurrence, Lytle, Sleigh), all connected by Kanosak Creek, and tributaries, flowing 

out of George Lake. The habitat provided in the George Property Area is typical of Arctic headwaters, 

with several small to medium-sized lakes connected by relatively small, shallow streams. The larger, 

deeper lakes like George and Dragon have suitable overwintering and spawning habitat for Lake Trout, 

while the smaller lakes may provide seasonal rearing and foraging habitat and serve as migration 

corridors for other fish species (Table 6.1-8). Spawning habitat for Lake Trout is also limited to the 

deeper lakes because deposited eggs must overwinter at depths that do not freeze to bottom.  

Table 6.1-8.  Summary of Fish Habitat Quality in George Property Area Lakes, 1990 and 2012 

Waterbody 

Data 

Source 

Surface 

Area (ha) 

Maximum 

Depth (m) 

Overall 

Fish 

Habitat 

Spawning Habitat Summer 

Rearing and 

Feeding 

Habitat 

Overwintering 

habitat 

Lake-spawning 

Salmonids 

Forage 

Fish* 

George Property         

George Lake 1,3 167 14.2 Medium Good Fair Good Good 

Fold Lake 2 77 > 3 Medium Good Fair Good Fair 

Lytle Lake 1,3 7.7 1.8 Low Poor Fair Good None 

Occurrence Lake 1,3 20 2.1 Low Poor Good Fair None 

Esker Pond 2 13 < 3 Low Poor Good Poor Poor 

Sleigh Lake 3 8.6 1.5 Low Poor Good Poor None 

Komatic Lake 1,4 45 9.1 Medium Good Fair Good Fair 

Dragon Lake 1,2 125 > 3 Medium Good Fair Good Fair 

Upper Dragon 

Lake 

2 38 > 3 Medium Good Fair Good Fair 

Bob Lake 4 16 6.2 Medium Fair Fair Good Fair 

McCoy Lake 4 100 9.0 Medium Good Fair Good Good 

Note: Table adapted from Sekerak (1990), and supplemented with data from 2012 baseline studies. No habitat surveys 

were conducted on lakes in the 2006 assessment (Golder Associates Ltd. 2007). 

* Forage fish include species such as Ninespine Stickleback and Slimy Sculpin. 
1 Rescan (2012c); 2 Sekerak (1990); 3 Rescan (2013a); 4 Rescan (2013b). 
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Plate 6.1-3.  Typical shoreline of small ponds in the Goose Property, featuring 

organic substrate and aquatic vegetation. Pond A, July 2011. 

The majority of good fish habitat in George Property lakes is provided by these relatively large, deep 

lakes. George Lake and Dragon Lake both feature boulder/cobble-dominated shorelines, large surface 

areas, and deeper depth (Plate 6.1-4; Table 6.1-8). The smaller lakes do not provide good fish habitat 

due to their shallow depths freezing to bottom in winter, lower winter oxygen concentration, mud 

substrate, and scarcity of cover (Plate 6.1-5). 

 

Plate 6.1-4.  Boulder-cobble shoreline habitat typical of lakes in the George 

Property. George Lake, August 2012. 
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Plate 6.1-5.  Fine substrates, gravel, and aquatic vegetation along the shore of 

Occurrence Lake, George Property. August 2012. 

 Fish Habitat — Biological Resources 6.1.6.2

Phytoplankton 

Goose Property Area 

In general, phytoplankton biomass was low, lakes were ultra-oligotrophic and taxonomic richness and 

diversity was variable among lakes, but moderate to high in value. 

Goose Property lake communities had low phytoplankton biomass and densities, and were lower than 

those observed in George Property lakes. All lakes surveyed had mean chl a concentrations (and total 

phosphorous, TP, concentrations, see Volume 6, Chapter 4) that would class them as ultra-oligotrophic 

(< 2 µg/L; (Vollenweider and Kerekes 1982), with an overall mean biomass of 0.34 µg chl a/L. 

Lakes had mean phytoplankton densities ranging from 243,000 cells/L (Big Lake Central, under ice) to 

1,900,000 cells/L (Big Lake West, open water), with an overall mean of 880,000 cells/L. Lakes had 

lower phytoplankton densities in under-ice than in open-water conditions.  

Lake phytoplankton communities were mainly composed of cyanobacteria (Myxophyceae), flagellated 

algae (Cryptophyceae), green algae (Chlorophyceae), golden algae (Chrysophyceae) and diatoms 

(Bacillariophyceae). Abundant phytoplankton genera in the Goose Property Area samples included the 

cyanobacteria Leptolyngbya, Merismopedia, Aphanocapsa, and Limnothrix, and the cryptophytes 

Komma and Cryptomonas, and the green algae Elakatothrix and Monoraphidium. 

Lake phytoplankton communities were moderately diverse and had variable genus richness. 

Genera diversity levels ranged from a mean of 0.40 (Simpson’s index) at Rascal Lake (2012 under ice) 

to a mean of 0.92 at Goose Lake Central and Neck (2011 open water). The number of genera present 
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per sample ranged from a mean of 8 (Rascal Lake 2012, under ice) to 28 (Goose Lake Central 2012, 

open water). 

George Property Area 

In general, phytoplankton biomass was low at lakes in the George Property. Lakes were 

ultra-oligotrophic and taxonomic richness was variable and diversity was moderate. 

George Property lake communities have low phytoplankton biomass and densities, a common feature of 

Arctic lakes in northern Canada (Moore 1978). All lakes surveyed had mean chl a concentrations and TP 

concentrations (Volume 6, Chapter 4) that would class them as ultra-oligotrophic (chl a < 2 µg/L, 

TP < 4 µg/L). The five lake sites with both under-ice and open-water samples had phytoplankton 

biomass levels that varied seasonally, tending to be higher in the low-light, under-ice samples. 

George Property lakes had a mean phytoplankton density of 1,530,000 cells/L, with lakes sampled in 

both seasons tending to have greater densities in the higher light open-water conditions.  

George Property lake phytoplankton communities were mainly composed of cyanobacteria 

(Myxophyceae), cryptomonads (Cryptophyceae), green algae (Chlorophyceae), Chrysophytes (golden 

algae — Chrysophyceae), and diatoms (Bacillariophyceae). Abundant phytoplankton genera in the 

George Property samples included Cyclotella (centric diatom) Kephyrion (golden algae), Chroococcus 

and Aphanocapsa (both cyanobacteria). Diversity at the genus level was moderate, with a mean of 0.57 

(Simpson’s index), and richness varied from a mean of five genera/sample (George Lake Central, under 

ice) to 20 genera/sample (Komatic Lake, open water). 

Zooplankton 

Goose Property Area 

In general, zooplankton density was low, but variable among years and lakes in the Goose Property. 

Taxonomic richness and diversity of zooplankters was variable among lakes. 

Zooplankton densities in the Goose Property lakes ranged from a mean of 6,360 adults/m3 

(Reference B) to 83,000 adults/m3 (Del Lake). Inter-annual variability in zooplankton density can be 

high, for example densities were approximately three times higher in 2012 than in 2011 in the 

two lakes sampled in both 2011 and 2012 (Goose and Giraffe lakes). 

Adult zooplankton communities tended to be composed of rotifers and crustaceans, with common taxa 

including the rotifers Conochilus and Kellicottia, the copepods Leptodiaptomus and Cyclops, and the 

Daphniidae (“water flea”) genera Holopedium. Zooplankton densities in Del Lake were considerably 

higher in 2012 than in other lakes (mean: 83,000 individuals/m3) and over 95% were the rotifer species 

Conochilus unicornis and Kellicottia longispina. The zooplankton genera found in the Goose Property 

lakes appear to be typical of small Arctic to sub-arctic lakes (O'Brien, Buchanan, and Haney 1979; 

O'Brien et al. 2004; Rautio and Vincent 2006; Symons, Arnott, and Sweetman 2012). 

Adult zooplankton richness and diversity varied among lakes. Overall, lakes ranged from a mean genus 

richness of 3.0 genera/sample to 10.7 genera/sample and from a mean genus diversity of 0.24 at 

Reference B Lake to 0.67 (Simpson’s index) at Big Lake. Note that sample volume was variable between 

lakes and years depending on site depth and random sampling effects (ranging from 0.22 to 0.69 m3). 

George Property Area 

At the George Property, zooplankton density was low, but variable among years and lakes. Taxonomic 

richness and was variable among lakes. Zooplankton diversity was low in some lakes, but varied greatly. 
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Baseline zooplankton taxonomy samples were collected from nine lakes in the George Property Area 

during August 2012. Zooplankton densities in George Property lakes during August 2012 sampling ranged 

from a mean of 832 adults/m3 in Lytle Lake (1.8 m deep) to 43,500 adults/m3 in Fold Lake (> 3 m deep).  

Zooplankton adult communities were mainly made up of crustaceans and rotifers, with different lakes 

having different compositions. Lower Long and Fold lakes had communities made up of over half 

rotifers, with most being the Brachionidae genera Kellicottia or Keratella. In other lakes, adult 

zooplankton communities were over half crustacean with dominant families varying between 

Diaptomidae (Leptodiaptomus spp.), Daphnidae (Daphnia spp.) and Cyclopidae (Cyclops sp.). Like the 

Goose Property lakes, these genera appeared to be typical of small Arctic to sub-arctic lakes (e.g., 

O'Brien, Buchanan, and Haney 1979; O'Brien et al. 2004; Rautio and Vincent 2006; Symons, Arnott, and 

Sweetman 2012). 

Adult zooplankton richness and diversity varied between lakes, being highest in Lower Long, Fold, 

Dragon, Komatic, and Reference C lakes, and lowest in George Lake Central. Overall, mean richness 

ranged from 2.7 to 9.0 genera/sample, and mean diversity ranged from 0.05 to 0.80 (Simpson’s index), 

with most lakes above 0.30 (analyzing adult zooplankton identified to the genus level). Note that 

sample volume was variable between lakes depending on site depth and random sampling effects 

(ranging from a mean of 0.54 m3 to 1.57 m3). 

Benthic Invertebrates 

Goose Property Area 

At the Goose Property, benthos density was low, but variable among years and lakes. Taxonomic richness 

and was low and variable among lakes. Benthos diversity was moderate, but also varied among lakes. 

Average benthos densities measured in the Goose Property lakes ranged from 1,140 individuals/m2 at 

the Llama Lake in 2011, to a mean of 10,540 individuals/m2 in Goose Lake 2012. For the sites sampled 

in both (Table 6.1-3), densities varied considerably with no consistent trend spatially or temporally. 

Benthos densities at these sites were higher in one year than the other year by a factor of 1.8 to 3.3. 

Benthic communities were largely composed of true flies (dipterans) and bivalves, with ringed worms 

(annelids) and crustaceans (mainly ostracods) also prevalent. Common and abundant taxa observed 

include the small “pea” clam (genus Psidium), and the dipterans from the genera Zalutschia, 

Tanytarsus, and Pagastiella.  

Lakes at the Goose Property had low to moderately diverse benthic invertebrate communities. 

Baseline benthos richness and diversity varied between the Goose Property lakes. Taxonomic richness 

ranged from a mean of 4.4 families/sample at Giraffe Lake in 2011 to a mean of 7.2 families/sample at 

Goose Lake in 2011. Diversity at the family level ranged from a mean of 0.17 at Pond 19 in August 2012 

to 0.60 at Giraffe Lake in August 2012. At the lake sites sampled in both 2011 and 2012 (Table 6.1-3), 

there was no obvious pattern between diversity and richness between the years. 

George Property Area 

Benthos density was low, but highly variable among years and lakes at the George Property. 

Taxonomic richness and was low and variable among lakes. Benthos diversity was low to moderate, but 

varied considerably among lakes. 

Benthos densities in the George Property lakes varied considerably among lakes, ranging from a mean 

of 600 individuals/m2 (Reference C Lake) to 22,000 individuals/m2 (Lytle Lake).  



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORT VOLUME 6: FRESHWATER FISH/AQUATIC HABITAT 

6-38 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

Benthic communities were largely composed of true flies (dipterans) and bivalves, with ringed worms 

(annelids) and crustaceans (mainly ostracods) also prevalent. Common and abundant taxa observed 

include the small “pea” clam (genus Psidium), and the dipterans from the genera Procladius, 

Paratanytarsus and Stictochironomus.  

Benthos richness and diversity varied among George Property Area lakes, with no consistent pattern. 

Richness ranged from a mean of 2.8 families/sample at Reference Lake C to a mean of 7 families/sample 

at George Lake. The benthos communities in the George Property Area lakes were moderately diverse, 

ranging from a mean of 0.09 at Lytle Lake to 0.63 (Simpson’s index) at Occurrence Lake. 

6.1.7 Setting — Stream Habitat 

 Fish Habitat — Physical Characteristics 6.1.7.1

Goose Property Area 

A total of 21 stream sites were surveyed in the Goose Property Area in 2011 and 2012. Most of the 

surveyed sites were at potential mine site road crossings, although some lake inflows and outflows 

were also surveyed. Of these, nine sites were determined to be non-classified drainages with no 

defined channel, overland or sub-surface flow, and little to no fish habitat potential.  

Most of the streams surveyed featured poorly defined channels with multiple flow paths and shallow 

depths (Plate 6.1-6). Substrates were dominated by boulders and fines and little to no in-stream 

vegetation was present. There were frequent patches of overland flow and boulder fields which are 

likely barriers to fish migration during low flow periods. Permanent barriers to fish migration were 

observed: a 4 m cascade on the stream connecting Umwelt Lake to Goose Lake (Plate 6.1-7), and 

several cascades and boulder fields along the stream connecting Pond A to Giraffe Lake (Plate 6.1-8; 

Figure 6.1-2). 

 

Plate 6.1-6.  Typical stream in the Goose Property, with multiple, poorly 

defined channels and shallow flow. Wasp Inflow, June 2013. 
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Plate 6.1-7.  Rock cascade feature on Umwelt Outflow, Goose Property, looking 

upstream. June 2012. 

 

Plate 6.1-8.  Boulder field feature on Giraffe inflow, Goose Property, looking 

upstream. June 2013. 

Habitat quality for rearing and spawning Arctic Grayling was generally best in the reaches immediately 

upstream and downstream of lakes, and poor in reaches further from deep waterbodies. Table 6.1-9 

summarizes the habitat quality at each stream site surveyed in 2011 and 2012, as well as streams 

surveyed historically. 
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Table 6.1-9.  Summary of Habitat Quality in Goose Property Area Streams, 1996 to 2012 

Stream Name Source Site 

Habitat 

Type 

Overwintering 

Habitat 

Spawning Habitat Quality 
Rearing 

Habitat 

Quality 

Overall 

Habitat 

Quality 

Arctic 

Grayling Forage Fish 

Creek 1 1 N/A Stream None None Poor Poor Low 

Creek 3 1 N/A Stream None None Poor Poor Low 

Creek 5 1 N/A Stream None None Poor Poor Low 

Unnamed 2 AS-1 NCD None None None None None 

Airstrip Stream 

(Creek 4) 

1,2 AS-2 Stream None Poor Poor Fair Low 

Airstrip Stream 

(Creek 4) 

1,2 AS-3 Stream None Poor Poor Fair Low 

Unnamed 2 AS-4 Stream None Poor Poor Poor Low 

Unnamed 3 100 NCD None None None None None 

Umwelt Outflow 3 101 Stream None Poor None Fair Low 

Fox Outflow 3 102 Stream None Fair Fair Fair Low 

Llama Outflow 3 103 Stream None Fair Good Good Medium 

Fox Outflow 3 104 Stream None Poor Poor Fair Low 

Unnamed 3 105 NCD None None None None None 

Unnamed 3 106 NCD None None None None None 

Unnamed 3 107 NCD None None None None None 

Unnamed 3 108 Stream None Fair Good Fair Low 

Unnamed 3 109 NCD None None None None None 

Unnamed 3 110 NCD None None None None None 

Unnamed 3 111 NCD None None None None None 

Unnamed 3 112 NCD None None None None None 

Goose Inflow 

(Creek 2) 

1, 3 113 Stream None Good Fair Good High 

Reference B 

Outflow 

3 125 Stream None Fair Good Fair Medium 

Rascal Outflow 3 126 Stream None Good Poor Good High 

Rabbit Outflow 3 127 Stream None Fair Good Fair Medium 

Data from 2013         

Unnamed  100-2013 NCD None None None None None 

Gander Outflow  101-2013 Stream None Fair Fair Good Medium 

Unnamed  102-2013 Stream None None None Fair Low 

Unnamed  103-2013 Stream None Fair Fair Good Medium 

Unnamed  105-2013 NCD None None None None None 

Giraffe Inflow  200-2013 Stream None None None None None 

Wasp Inflow  215-2013 Stream None Fair Good Good Medium 

Unnamed  500-2013 Stream None Fair Good Good Medium 

Unnamed  303-2013 Stream None Good Good Good High 

Gander Inflow  804-2013 Stream None Fair Fair Good Medium 

Propeller Inflow  814-2013 Stream None Good Fair Good High 

Notes: N/A = not applicable; NCD = non-classified drainage 
1 Norecol Dames & Moore (1997); 2 Rescan (2012a); 3 Rescan (2012b). 
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Rascal Outflow flows from Rascal to Goose lakes and was categorized as high quality habitat. This 

stream contains small cobble and gravel that supports Arctic Grayling spawning and rearing, as well as 

providing a migratory corridor between lakes with overwintering habitat (Table 6.1-9). 

George Property Area 

Six stream sites were assessed in the George Property Area in 2012, including two sites on George 

Outflow and inflows to George and Dragon lakes. Of these, one site was classified as a non-classified 

drainage (NCD), with no defined channel and no fish habitat potential. Stream habitat was also 

assessed in George Outflow and Dragon Creek (between Dragon Lake and Komatic Lake) in 1990 

(Sekerak 1990). In general streams at the George Property are shallow, often ephemeral and present 

little to no in-stream vegetation. Table 6.1-10 summarizes the habitat quality at each of the sites. 

Table 6.1-10.  Summary of Habitat Quality in George Property Area Streams, 1990 to 2013 

Stream Name Source Site 

Habitat 

Type 

Overwintering 

Habitat 

Quality 

Spawning Habitat 

Quality 
Rearing 

Habitat 

Quality 

Overall 

Habitat 

Quality 

Arctic 

Grayling 

Forage 

Fish 

Unnamed 2 121 NCD None None None None None 

Esker Outflow (Kanosak 

Creek) - Reach 1 

1 128 Stream None Fair Poor Good Medium 

George Outflow (Kanosak 

Creek) – Reach 2 

1 N/A Stream None Fair Poor Good Medium 

George Outflow (Kanosak 

Creek) – Reach 3 

1 N/A Stream None Good Poor Fair Medium 

George Outflow (Kanosak 

Creek) – Reach 4 

1 N/A Stream None Fair Poor Good Medium 

George Outflow (Kanosak 

Creek) – Reach 5 

1 N/A Stream None Fair Poor Good Medium 

George Outflow (Kanosak 

Creek) – Reach 6 

1,3 404 Stream None Poor Poor Fair Low 

George Outflow (Kanosak 

Creek) – Reach 7 

1,2,3 122/401 Stream None Poor Poor Fair Low 

Fold Outflow (Kanosak 

Creek) - Reach 8 

1 N/A Stream None Poor Poor Fair Low 

George Inflow 2,3 123/800 Stream None Fair Fair Good Medium 

George Inflow 2 2,3 124/400 Stream None Poor Good Poor Low 

Dragon Creek - Reach 1 1 N/A Stream None Fair Poor Good Medium 

Dragon Creek - Reach 2 1 N/A Stream None Poor Poor Poor Low 

Dragon Creek - Reach 3 1 N/A Stream None Poor Fair Fair Low 

Dragon Creek - Reach 4 1 N/A Stream None Poor Fair Fair Low 

Dragon Inflow 2 129 Stream None Fair Poor Good Medium 

McCoy Outflow 3 810 Stream None Poor Good Good Medium 

Notes: N/A = not applicable; NCD = non-classified drainage  
1 Sekerak (1990); 2 Rescan (2012c); 3 Rescan (2013a). 

George Outflow can be broken down into seven reaches based on habitat type (Sekerak 1990). Most of 

the stream between Komatic Lake and George Lake is characterized by low gradient habitat featuring 

glides and occasional pools and riffles, typical of beaded tundra streams (Plate 6.1-9). In the upper 

reaches between George and Lytle lakes, the channel features boulder fields that may become 
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impassable at low water due to subsurface flow (Plate 6.1-10; Rescan 2012c). The bankfull depth of 

George Outflow does not exceed 1.5 m, making it unsuitable for fish overwintering. However, spawning 

and rearing habitat for Arctic Grayling was rated to be fair to good in reaches downstream of Sleigh 

Lake, and fair to poor in the reaches immediately downstream of George Lake (Sekerak 1990).  

 

Plate 6.1-9.  Shallow glide habitat on Sleigh Outflow, George Property. July 2012. 

 

Plate 6.1-10.  Boulder field on George Outflow near Lytle Lake at low water 

flow, George Property. July 2012. 
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Dragon Creek, which connects Dragon Lake to Komatic Lake, can be broken down into four reaches 

(Sekerak 1990). Similar to George Outflow, the lower reaches of Dragon Creek are typical of a beaded 

tundra stream, while the upper reaches are poorly defined and shallow. Overwintering habitat is not 

present due to the shallow depth, and habitat for spawning and rearing Arctic Grayling is best in the 

reach immediately upstream of Komatic Lake, and poor in the rest of the stream. Other streams 

sampled in the George Property Area featured smaller channels, with sections of poorly defined flow 

and seepages (Plate 6.1-11). 

 

Plate 6.1-11.  Typical small stream in the George Property Area, with poorly 

defined banks and frequent overland flow. Northeast inflow to George Lake. 

July 2012. 

 Fish Habitat — Biological Resources 6.1.7.2

Periphyton 

Goose Property Area 

Baseline periphyton biomass and taxonomy samples were collected from thirteen stream sites in the 

Goose Property Area during August 2011 and 2012. Periphyton samples were also collected from Goose 

South East Inflow and from Wolf Outflow in 1997. 

In general, stream periphyton biomass was low to moderate, streams were oligotrophic and taxonomic 

richness and diversity was moderate to high. 

Mean periphyton biomass levels, as chl a, were lower than 2.5 µg/cm2 at all sites during all years. 

Most streams would be classified as oligotrophic during their sampling, based on the scheme by Dodds, 

Jones, and Welch (1998) i.e., TP < 2.0 µg/cm2). Mean periphyton densities varied considerably between 

stream sites and years, ranging from 180,000 cells/cm2 at the Reference B Outflow sampling site in 

2012 to 7,060,000 cells/cm2 at Giraffe Outflow in 2011. In both 2011 and 2012, Giraffe Outflow had the 
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highest periphyton densities. For the stream sites sampled in both years (Table 6.1-5), all had mean 

densities at least two times greater in 2011 than in 2012 suggesting large natural variability can exist 

between years.  

Stream periphyton communities tended to be dominated by cyanobacteria (Myxophyceae) and diatoms 

(Bacillariophyceae), with green algae (Chlorophyceae) also present. Common genera observed in 2011 

and 2012 were the pennate diatoms Achnanthidium and Tabellaria (also noted as dominant in all 1997 

sites), and the cyanobacteria Aphanocapsa.  

Periphyton genera richness and diversity varied by year and by stream. Overall, a mean of 

21 genera/sample was observed for all samples from all streams in all years. Periphyton diversity at the 

genus level was moderate to high, with mean diversity of 0.8 on the Simpson’s index. The boulder field 

at Llama Outflow had the lowest periphyton diversity and richness at 0.61 (Simpsons Index) and 

18 genera/sample, respectively. 

George Property Area 

Baseline periphyton biomass and taxonomy samples were collected from five stream sites in the George 

Property Area during August 2012. In general, stream periphyton biomass was low to moderate, 

streams were oligotrophic and taxonomic richness and diversity was moderate to high. 

Mean biomass levels were below 2 µg chl a/cm2 in all sampled streams, which would have been 

classified as oligotrophic based on Dodds, Jones, and Welch (1998) scheme (TP < 2 µg). 

Periphyton densities were similar in streams near the proposed Project infrastructure (George Outflow, 

Sleigh Outflow, Dragon Outflow and Komatic Inflow), ranging from a mean of 56,000 cells/cm2 

(George Outlfow) to 77,000 cells/cm2 (Dragon Outflow). Higher densities were observed further afield 

at the Reference C Outflow site at 419,000 cells/cm2. 

Stream periphyton communities tended to be dominated by cyanobacteria (Myxophyceae) and diatoms 

(Bacillariophyceae), with smaller proportions of green algae (Chlorophyceae) also present. 

Common genera observed in 2012 were the small pennate diatom Achnanthidium and the 

cyanobacteria Leptolyngbya. 

Periphyton genera richness and diversity varied by stream. The mean number of genera observed at 

each stream ranged from 12.7 genera/sample (Sleigh Outflow) to 22.7 genera/sample 

(Dragon Outflow). Periphyton diversity at the genus level was high, with mean ranging from 

0.80 (Reference C Outflow) to 0.85 (Sleigh Outflow) on the Simpson’s diversity index. 

Benthic Macroinvertebrates 

Goose Property Area 

Baseline benthic taxonomy samples were collected from thirteen stream sites in the Goose Property 

Area during August 2011 and 2012. In general, stream benthos density was variable among years and 

locations, and taxonomic richness and diversity was low to moderate. 

Benthos densities varied within and between stream sites, with the lowest densities at the shallow 

cobble Giraffe Outflow in 2012 (mean: 570 individuals/m2) and the greatest densities at the boulder 

field Llama Outflow in 2011 (mean: 4,370 individuals/m2). For streams sampled in both years, there 

was no clear trend in densities between 2011 and 2012 benthic samples. 
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Stream benthic communities were largely composed of dipterans (true flies), with other taxa present 

including oligochaete/annelid worms, ostracods (seed shrimp) and acari (water mites). Hydra, bivalves, 

gastropods (snails) and coleopterans (beetles) made up a small proportion of communities at some 

stream sites. Additionally, the pollution sensitive taxa Ephemeroptera (mayflies), Plecoptera 

(stoneflies), and Trichoptera (caddisflies), known collectively as EPT, were found at all streams. EPT 

made up between 0.4% and 13% of the mean benthic community at Goose Property streams, with the 

lowest proportions being at Reference B Outflow (< 0.5 %; 2011) and the greatest proportions being at 

Goose Outflow (13%; 2012).  

Often a few genera were particularly abundant, suggesting benthos communities were dominated by a 

few groups and diversity was low. At most streams, the most abundant genus made up over 15% of the 

total benthic community, and the three most abundant genera made up over 20% of the total benthic 

community. These dominant genera varied between streams, although the dipterans Paratanytarsus, 

Thienemannimyia, Polypedilum and Psectrocladius were among the three most abundant genera at 

more than five stream sampling sites during each of the 2011 or 2012 sampling events. 

Richness and diversity in Goose Property stream benthic communities tended to be low to moderate. 

Stream samples ranging from a mean of 6.4 families/sample at Wolf Outflow to 14.6 families/sample at 

Propeller Downstream, while diversity ranged from 0.20 at the small Pond 19 Outflow to 0.70 at Goose 

Outflow (Simpson’s index). 

George Property Area 

Baseline benthic taxonomy samples were collected from five stream sites in the George Property Area 

during August 2012. In general, stream benthos density was variable among years and locations, and 

taxonomic richness and diversity was moderate and variable. 

Benthos samples showed considerable within stream and between stream variability, with mean densities 

ranging from 1,160 individuals/m2 at Reference Lake C Outflow to 4,780 individuals/m2 at Sleigh Outflow.  

Stream benthic communities were largely composed of dipterans (true flies), with other taxa present 

including oligochaete/annelid worms, ostracods (seed shrimp) and acari (water mites). Hydra, bivalves, 

gastropods (snails) and coleopterans (beetles) made up a small proportion of communities at some 

stream sites. Additionally, the pollution sensitive taxa, EPT: Ephemeroptera (mayflies), Plecoptera 

(stoneflies) and Trichoptera (caddisflies), were found at all streams. EPT made up between 0.4% and 

12% of the mean benthic community at George Property streams, with the lowest proportions being at 

Komatic Inflow and Reference C Outflow and the greatest proportions being at Sleigh Outflow.  

Often a few genera were particularly abundant, suggesting benthos communities were dominated by a 

few groups and diversity was low. At all streams, the most abundant genus made up over 15% of the 

total benthic community, and the three most abundant genera made up over 30% of the total benthic 

community. These dominant genera varied among streams, although the dipterans Thienemannimyia 

and Saetheria and the Acari worm Sperchon were one of the three most abundant genera at more than 

one stream site. 

Richness and diversity in George Property Area stream benthic communities were moderate and 

variable. Stream samples ranging from a mean of 9.0 families/sample at Sleigh Outflow to 

17.6 families/sample at Dragon Outflow, while diversity ranged from 0.40 at Komatic Inflow to 0.78 at 

Dragon Outflow (Simpson’s diversity index). 
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6.1.8 Synthesis of Existing Environment and Baseline Information 

In general, the streams, ponds, and lakes in the Project area exhibited physical and ecological 

characteristics that are typical of many freshwater aquatic ecosystems in the Arctic, though some of 

the measured characteristics proved variable, as noted above. For instance, ice is a physical habitat 

characteristic that has a strong influence on all Arctic freshwater communities. The ice scour that 

occurs as a result of the yearly freeze-melt cycle prevents the build-up of periphyton-derived biomass 

in streams, and of vegetated areas in the littoral zones of ponds and lakes (Vincent and Hobbie 2000). 

This key climatological limitation on freshwater fish habitat structure and aquatic food web inputs was 

reflected in the low periphyton abundance and the absence of inshore aquatic vegetation in Project 

area waterbodies. In addition, common aquatic resource characteristics that were observed across the 

Project area included low autochthonous (i.e., within-system) primary productivity, arising from 

periphyton in streams or phytoplankton and periphyton in ponds and lakes. Waterbodies in the Project 

area were often classified as oligotrophic or ultra-oligotrophic, which are common attributes of many 

freshwater systems in the Arctic (Hobson and Welch 1995; Prowse et al. 2006; Vincent, Hobbie, and 

Laybourn-Parry 2008). In addition, freshwater Arctic ecosystems generally contain simplified 

communities of animals, plants, and microbes (Vincent and Hobbie 2000; Power, Reist, and Dempson 

2008). This was particularly true for freshwater fish in the Project area, which were invariably 

characterized by low diversity and abundance. However, the fish species that were sampled in the LSA 

are widely distributed in many waterbodies throughout the RSA, and they are also known to inhabit 

large geographic ranges outside the RSA (Walters 1955; Ellis 1962; Scott and Crossman 1973). 

6.2 INCORPORATION OF TRADITIONAL KNOWLEDGE (TK) 

6.2.1 Incorporation of TK for Existing Environment and Baseline Information 

Available traditional knowledge (TK) on important fish species and Aboriginal fishery locations was 

obtained through the Kitikmeot Inuit Association’s (KIA’s) Naonaiyaotit Traditional Knowledge Project 

(NTKP) database. This is summarized in the report entitled Inuit Traditional Knowledge of Sabina Gold 

& Silver Corp. Back River (Hannigoyok) Project, Naonaiyaotit Traditional Knowledge Project (NTKP) 

report (KIA 2012). 

Maps presented in Figures 30–32 in Chapter 7 of the NTKP report (hereafter, TK report) specifically 

indicate the presence of important freshwater fishing locations for Arctic Char (Salvelinus alpinus) and 

Arctic Grayling (Thymallus arcticus) in the Western River (Kilokgiktok). The Western River lies within 

the Regional Study Area (RSA) of the George Property Area. In addition, the maps in the TK report 

indicate that, outside the Goose and George Property RSAs, other freshwater fishing sites of value to 

the Inuit occur in and around Beechey Lake, just south of the Goose and George Property RSAs. 

Pertinent information on Aboriginal fisheries resources was also obtained from Land Use Focus Group 

Sessions, which were held in November of 2012; these sessions included Inuit hunters and trappers from 

Kugluktuk, Cambridge Bay, Omingmaktok, and Bathurst Inlet (see Chapter 4, Land Use, in Volume 8: 

Human Environment). The Focus Group participants from Bathurst Inlet and Omingmaktok described and 

mapped a contemporary travel route that leads from Bathurst Inlet (community) south past Bathurst Lake 

and George Lake, down to the Beechey Lake and Goose Lake areas (Figure 4.1-2 in Chapter 4, Volume 8). 

These participants also indicated that Bathurst Lake, located in the George Property RSA, is fished, 

specifically for Lake Trout (Salvelinus namaycush). The participants also indicated that hunting and 

fishing take place along the length of this route. The people may stop at George Lake, located in the 

freshwater LSA of the George Property Area, to take a break and hunt and/or fish. Focus group 

participants reported that they stay near Beechey Lake while hunting, trapping, and fishing in the area. 

Goose Lake, located in the Goose Property LSA, was also identified as an area where fishing may occur 

while staying near Beechey Lake. While Goose Lake and George Lake may be fished by traditional land 

users, they are not known to be destinations or key locations for fishing (Volume 8, Chapter 4). 
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In the TK report (KIA 2012), the Inuit note that fish are present throughout the landscape surrounding 

and including the Project Area. They further note that freshwater fishing primarily takes place in the 

Back River Watershed, along the Western River, and nearby Bathurst Inlet. Lake Trout are found in 

lakes throughout the region; however, they are also found in rivers where large, deep pools do not 

freeze in winter. Whitefish and Lake Cisco are also found in such lakes. Arctic Grayling are fished in 

several lakes, rivers, and streams in the Back River Watershed and along the Western River. The Inuit 

observe that Arctic Grayling spawn over shallow boulder fields, and that the juvenile fish are commonly 

found in shallow, sandy streams (KIA 2012). The following information is included in the TK report:  

... This river (Hiukkittak) has a really strong current and they used to have a weir back 

then on it right by this bend (near the mouth). There is also another weir around here. 

I remember we restored the stones and used that ancient weir for spearing fish... 

... The fish go further up into the lakes using the rivers. All kinds of fish do this. 

They also use the same river to go down to the ocean. 

Sometimes the fish will winter in the lakes because the rivers get too shallow for the 

fish to go down river. In the spring they start to migrate down river... 

When the fish went up the river (Arctic Charr fall migration) at Hiukkittak... 

Inuit speared them or used baskets to scoop them up. 

... There would be lots of fish at Hiukkittak, Kugyoak and around Kangihoakyok 

(waters feeding into Kangihoakyok) during the spring. Even in the summer when the 

fish were ready to go up river, there was lots of fish... 

Inuit jigged for fish where the fishing was good. They fished in the lakes.... 

They fished these places using hooks during the spring or winter and sometimes they 

used nets. 

... The people from Kingaok and Omingmaktok must know about that river 

(Hiukkittak). It is really sandy from all the way up here (at the mouth) downstream... 

People fish the ocean at the mouth of the river. I have nets at Ehokhikhiovik (initial 

river section of Hiukkittak)... I usually have nets at this place...  

Inuit fished anywhere in the rivers. They fished the river when the fish were going 

downriver and upriver, when they needed food. (We fished at Hakvaktok (south coast 

of Melville Sound), Naoyak and Etibliakyok, Kolgayok (Tingmeak River), Kunayok (Ellice 

River). Hiukkittak, Aniakhiokvik (Fishing Creek), Kingaok, Daniel Moore Bay 

(Kangihoakyok) and all along the coast of Victoria Island up to Wellington Bay 

(including Paatlik or Byron Bay)... 

These areas (coastal Parry Bay, Etibliakyok (Kent Peninsula isthmus), Kolgayok 

(Tingmeak River, and an area east of Fishing Creek) are fishing places. They have charr 

and trout... and cisco whitefish... 

Lake trout, charr, whitefish and grayling are found in lakes. 

When we were young, the fishing areas were identified by our parents. You should 

mark that place (mouth of Burnside River (Ayapakpaktokvik)) because people still go 

there to fish. Our parents taught us these things, even about tomcod fishing. 

The lake is where we would have nets in the winter. lnukholik (near Hiukkittak) is 

where they would set nets in the winter...  
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... At the rivers (mouth of Hannigayok (Back River) at Beechey Lake and stream on 

north-central shore of Beechey Lake) they liked to net for fish, for... lake trout and 

whitefish. 

They net fish near Kingaok every fall Ayapakpaktokvik (Burnside River). This lake 

(Ekalokhiokvik (Tahikafalok Lake)) has a small river to the ocean (Aniakhiokvik (Fishing 

Creek)). That is another area that they mainly fish, I know this because my 

grandfather liked fishing there... 

... Inuit fished along the shore... at Kingaok (northwest of Fishing Creek). Over here 

at Kingaok (stream leading into and south of Ayapakpaktokvik (Burnside River) near its 

mouth) Inuit have fished for a long time. That river has charr and whitefish... 

... They would jig for fish in the lakes around here (north of Beechey Lake) when they 

were traveling to see the white people (to the trading post at Kingaok). They jigged 

for fish in the lakes as they were traveling, when they camped... They fished when 

they stopped so they could have fresh food, I remember. I was following them that time. 

... These parts of the Jakes (narrows)... are called 'kongunik' (pl.) and that is why this is 

called 'konngok' (sf.). This narrow spot (at the narrows of Hanningayuk (Beechey Lake)) 

never freezes all winter. That is why they tell Inuit who are traveling to be careful 

because this narrow spot doesn't freeze. We call those narrow parts of the Jakes 

'kongunik'. We know about that konngok where Inuit set fish nets because it doesn't 

freeze all winter. You have to be careful when you travel through there... 

Those rivers where Inuit mostly fish (Ayapakpaktokvik and Hivogahik) and where they 

hunted the caribou near the mouth of the lakes are important. Some of these areas 

where they mostly fished during the winter don't freeze that well. These areas 

sometimes are scary (dangerous places for traveling). 

In the fall we used gill nets to catch a lot of fish for the dogs, and for dry fish too. 

All these places where we had our nets have inokhok or rock pile markers. On our trap 

Jines too we fished. We did a lot of fishing especially on the days that were stormy. 

We did a lot of fishing to pass the time... 

In the Bathurst Inlet area C51 mapped Tagionoak (Goulburn Lake), Swan Lake 

(Tagionuak), and a lake west of Amagok as good for fishing. 

This is a good spot for fishing too (at the mouth of Ayappappaktokvik). This long arm 

in here, it's a good spot for fishing. When I was there in February, it was good, a good 

fishing spot there... 

There is a river there as well Kokiviayok. It's small but there are a lot of fish. 

6.2.2 Incorporation of TK for VEC and VSEC Selection 

The results of the TK Report (KIA 2012) were reviewed for refining the potential VEC/VSEC list (see 

Volume 9, Chapter 1). Clear maps of valued fisheries species are presented in Chapter 7 of this report 

(Figures 31 and 32) and, consequently, fish habitat was assigned as a VEC. In addition, valued, 

freshwater fish species, Lake Trout and Arctic Grayling, were assigned as VECs and are treated 

individually within the Freshwater Fish Community Chapter (Volume 6, Chapter 7).  
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6.2.3 Incorporation of TK for Spatial and Temporal Boundaries 

The results of the TK Report were reviewed for spatial and temporal boundaries (KIA 2012) . According 

to Figures 31 and 32 within Chapter 7 of the TK report, the Project’s Potential Development Area (PDA) 

does not overlap with fishing locations identified in other parts of the RSA. Some important fishing 

areas are located within the northern reaches of the Western River which form the outer limits of the 

RSA for fish habitat. 

6.2.4 Incorporation of TK for Mitigation and Adaptive Management 

As a result of information obtained from the Inuit Traditional Knowledge of Sabina Gold & Silver Corp., 

Back River (Hannigayok) Project, Naonaiyaotit Traditional Knowledge Project (NTKP) report (KIA 2012), 

the mitigation and management of fish habitat focuses on habitat for three freshwater fish species: Arctic 

Grayling, Lake Trout, and Arctic Char. The TK report included the mapped distribution of each of these 

species, as well as areas important for fishing. The Project has been designed such that infrastructure 

will not located on important freshwater fishing habitat. Additional mitigation of Project-related effects 

may be achieved by a Conceptual Fish Offsetting Plan, which also considers TK. Ongoing consultation with 

DFO, and future engagement with the KIA and other stakeholders, regarding the further development of 

the Draft Conceptual Fish Offsetting Plan, including the development of additional or alternative options 

that could provide value to the local communities, is intended through 2014. 

6.3 VALUED COMPONENTS 

6.3.1 Potential Valued Components and Scoping 

Valued Ecosystem Components (VECs) are specific attributes of the biophysical environment that are 

regarded as crucial to the scientific, economic, or cultural heritage of a location. The determination of 

freshwater VECs and potential effects for inclusion in this effects assessment considered and was 

informed by: 

o the EIS Guidelines (NIRB 2013);  

o the public, during public consultation and open house meetings held in the Kitikmeot communities; 

o local land users, during focus group and mapping sessions with residents of Kugluktuk, 

Cambridge Bay, Omingmaktok, and Bathurst Inlet; 

o meetings with regional Inuit groups (for example, the KIA); 

o Kitikmeot Community Advisory Group (CAG) meetings comprised of local stakeholders 

(e.g., Hunters and Trappers Organization [HTO] representatives).  

The freshwater aquatic environment was identified as a potential VEC that encompassed the habitat, 

aquatic ecology and aquatic biota supporting Aboriginal, recreational or commercial fisheries (NIRB 

2013). Each of these selections was recognized as belonging to one of two broader categories of VECs: 

1) fish/aquatic habitat; and 2) fish community, each of which encapsulates the moderate to significant 

concerns identified in the TK report and through community consultation (Volume 9, Chapter 1). 

6.3.2 Valued Components included in Assessment 

The VECs selected to assess the potential effects of the Project on freshwater fisheries species in the 

LSA and RSA include: 

o Fish/aquatic habitat; and 

o Fish community (Lake Trout and Arctic Grayling). 
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This chapter assesses Project effects on the VEC of fish/aquatic habitat. These include only the direct 

effects of Project infrastructure and activity on the physical aspects of the aquatic environment that 

provide distinct habitat for fisheries species. Chapter 7 of this volume (Volume 6) assesses Project 

effects on the fish community VECs, Lake Trout and Arctic Grayling. 

The fish/aquatic habitat VEC comprises both the physical habitat and the biological resources that are 

essential to the productivity of fish species. This chapter (Volume 6, Chapter 6) evaluates the direct 

effects of Project activities the physical habitat of fish, but excludes the assessment of indirect effects 

of Project activities on biological resources. Biological resources, as defined here and informed by the 

EIS Guidelines (NIRB 2013), includes the primary producers (phytoplankton, diatoms, and periphyton) 

and the secondary producers (benthic invertebrates and zooplankton) that make up the lower trophic 

levels which form the base of fish dietary resources. The exclusion, from this chapter, of Project-

related indirect effects on biological resources is rationalized through the following logic: 

1. Potential Project-related effects on fish habitat are mediated indirectly through trophic 

interactions between fish and their biological/dietary resources (primary and secondary producers). 

2. Potential Project-related effects on primary and secondary producers arise indirectly from 

changes to water and sediment quality. 

3. Potential Project-related effects on water and sediment quality arise directly from Project 

activities and are assessed individually, as the VECs Water Quality (Volume 6, Chapter 4) and 

Sediment Quality (Volume 6, Chapter 5). 

4. No significant residual effects are predicted for Water and Sediment Quality after mitigation, 

management and monitoring measures are considered (Volume 6, Chapters 4 and 5 

respectively). Moreover, Project design ensures that water and sediment quality in receiving 

environments will meet the conservative empirical thresholds of CCME guidelines, below which 

no adverse effects on aquatic life are predicted to occur. 

Water and sediment quality also form part of the aquatic ecology of fish and may, therefore, be 

considered under the fish/aquatic habitat VEC. However, as stated above for biological resources, 

water and sediment quality are treated independently in separate chapters and no significant residual 

effects are predicted (Volume 6, Chapters 4 and 5). 

6.4 SPATIAL AND TEMPORAL BOUNDARIES 

6.4.1 Spatial Boundaries 

The spatial boundaries used for the assessment of the VEC freshwater fish/aquatic habitat included a 

LSA and the RSA for each of the Goose and George Properties.  

 Local Study Area 6.4.1.1

The LSA includes areas where there exists the reasonable potential for immediate effects due to 

Project activities, ongoing normal activities, or to possible abnormal operating conditions (NIRB 2013). 

The LSA determined for the assessment of effects on VEC freshwater fish/aquatic habitat is divided 

into two areas (Figure 6.4-1): 

1. The Goose Property LSA — The LSA boundary (365 km2) includes the Goose Property Potential 

Development Area (PDA) and matches the boundaries of the Propeller and Big watersheds. 

2. The George Property LSA — The LSA boundary (105 km2) includes the George Property PDA, and 

matches the boundaries of the Dragon, George, McCoy, and Lower Long watersheds. 
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 Regional Study Area 6.4.1.2

The RSA includes the PDAs, the LSAs, and additional areas within which there is the potential for 

indirect or cumulative effects. The RSA determined for the assessment of effects on the VEC 

freshwater fish/aquatic habitat assessment is divided into two areas (Figure 6.4-1): 

1. The Goose Property RSA — The RSA boundary (6,815 km2) includes part of the Ellice River 

Watershed and encompasses the PDA and the LSA. All Project infrastructure resides within the 

Ellice Watershed. The upper ~80 km of the watershed was included rather than the entire 

watershed. 

2. The George Property RSA — The RSA boundary (4,034 km2) includes part of the Western River 

Watershed and encompasses the PDA and LSA. All Project infrastructure resides within the 

Western River Watershed. The upper portion of the watershed that drains in to the Western 

River at the southern tip of Bathurst Inlet is included in the RSA. 

6.4.2 Temporal Boundaries 

The temporal boundaries used for the assessment of effects on the VEC freshwater fish/aquatic habitat 

align with the duration of Project phases as described in Volume 9, Chapter 1, as follows: 

The temporal boundaries for the Project phases were defined as follows: 

o Site Preparation – 2 years; 

o Construction phase – 2 years; 

o Operations phase – 10 years; 

o Reclamation and Closure phase – 10 years; 

o Post-closure phase  5 years minimum; 

o other potential phases: 

− Temporary Closure – less than 2 years; 

− Care and Maintenance Phase – 2 to 10 years; and 

− Exploration: included in Construction and Operations phases. 

6.5 POTENTIAL PROJECT-RELATED EFFECTS ASSESSMENT 

6.5.1 Methodology Overview 

The Project-related effects assessment for the VEC freshwater fish/aquatic habitat followed the 

process detailed in the General Methodology for Project Effects Assessment (Volume 9, Chapter 1): 

1. Project activities were grouped on the basis of shared interaction pathways and by the timing 

and magnitude of the interactions with the freshwater environment.  

2. The potential effects were then evaluated on the nature of the interaction, the magnitude and 

frequency of the Project activities, and the biophysical characteristics of the receiving freshwater 

environment; site-specific data from the Existing Environment and Baseline was synthesized 

and applied to understand the natural variation within, and resiliency of the environment. 

3. The effects of mitigation and management measures to eliminate or reduce the potential 

effects were considered. 



DRAFT ENVIRONMENTAL IMPACT STATEMENT SUPPORT VOLUME 6: FRESHWATER FISH/AQUATIC HABITAT 

6-54 RESCAN ENVIRONMENTAL SERVICES LTD., AN ERM COMPANY | PROJ#0194096-0040 | REV E.1 | DECEMBER 2013 

4. Residual effects were determined as the potential effects that would remain after the 

application of mitigation and management measures. 

5. The significance of the residual effects were determined by the direction (i.e., positive, 

neutral, or negative), magnitude, confidence, and probability.  

 Determining the Magnitude and Significance of Residual Effects 6.5.1.1

The significance of residual effects on the VEC freshwater fish/aquatic habitat was determined using 

the ratings and classifications described in the General Methodology for Project Effects Assessment 

(Volume 9, Chapter 1, Table 2.4-3). First, the direction of a residual effect was determined to be 

positive, neutral, or negative. Negative effects were then assessed according to several criteria. 

The magnitude of the effect (Table 6.5-1) and reversibility were used as the primary criteria; the 

extent, duration, and frequency of the effect as secondary criteria; and the certainty and probability 

of an event used as qualifying criteria. 

Table 6.5-1.  Magnitude Rating for Evaluating Residual Effects on the VEC Freshwater 

Fish/Aquatic Habitat 

Criteria Classification 

Magnitude Negligible Habitat changes are unlikely to have an effect on productive capacity that is 

distinguishable from natural variation. 

 Low Habitat changes affect less than 10% of the waterbody area, and resulting 

reductions in productive capacity are unlikely to affect the entire fish 

population of a waterbody. 

 Moderate Habitat changes affect up to 20% of the available habitat area in a waterbody, 

such that resulting reductions in productive capacity may affect fish populations 

in the entire waterbody. 

 High Habitat changes are expected to affect more than 20% of the waterbody area 

and may result in changes to the productive capacity of habitat within and 

beyond the waterbody, affecting an entire fish population or more than one fish 

population. 

 

If the magnitude of a residual effect was determined to be greater than Low in magnitude after 

mitigation and management (i.e., distinguishable from natural variation and potentially greater than 

regulated or threshold values), then the conservative assumption of at least Moderate magnitude was 

applied for the remainder of the effects assessment process. Furthermore, only residual effects with 

a high degree of confidence in mitigation and management would be given a Low or Negligible in 

magnitude.  

Determining Significance of Residual Effects 

The significance of a residual effect was rated as Positive, Not Significant, or Significant (Table 6.5-2). 

For example, residual effects receive a rating of ‘Not Significant’ if they are expected to be one of the 

following: negligible or low magnitude, confined to LSA, moderate to high reversibility, or short 

duration (Volume 9).  

6.5.2 Potential Interactions with Project and Characterization 

The potential interactions of Project activity with the VEC freshwater fish/aquatic habitat were 

determined using the initial matrix provided in the Project Description, and further refined using the 

EIS guidelines, professional judgement, and experience at other projects in Nunavut and the Northwest 

Territories.  
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Table 6.5-2.  Definitions of Significance Ratings for the VEC Freshwater Fish/Aquatic Habitat 

Significance Descriptor of Significance 

Positive Effect could result in an increase in fish/aquatic habitat, relative to the baseline within the RSA 

into the foreseeable future.  

Significant  Effect is expected to result in a decrease in in fish/aquatic habitat that is not mitigated through 

Project design and management, and is long-lasting or permanent within the zone of influence of 

the Project relative to reference condition. 

Not Significant Effect may result in a decrease in in fish/aquatic habitat, but one that is fully mitigated through 

Project design and management, or fully reversible to baseline conditions in the shorter-term after 

Project closure.  

 

Freshwater fish/aquatic habitat may interact and be affected by Project activities in two ways: 

1) through a loss or reduction of fish habitat by permanent alteration or destruction (PAD), or 

2) through changes to water and sediment quality arising from the deposition of deleterious substances 

(Table 6.5-3).  

Table 6.5-3.  Potential Interactions with the VEC Freshwater Fish/Aquatic Habitat 

Potential Interaction/Effect Cause Description 

General Project 

Activity Regulation 

Loss of fish/aquatic habitat*  Permanent 

alteration or 

destruction 

(PAD) of habitat 

Loss or damage of fish 

habitat through 

encroachment of 

infrastructure or 

water withdrawal 

1. Project 

Infrastructure 

Footprint 

2. Water Use 

Fisheries Act 

(1985) 

Section 35(2) 

Changes in water and sediment 

quality resulting in: 

1. Direct fish mortality or 

reduction in fish health**  

2. Indirect reduction in 

biological resources of fish 

through trophic interactions*** 

Deposition of 

deleterious 

substances 

Mine effluent, 

hydrocarbon 

contaminants, 

increased nutrient 

loading, introduced 

sediment (increased 

TSS or deposition in 

spawning areas) 

1. Management of 

Contact Water, 

Effluent, and Dust 

Metal Mining 

Effluent 

Regulations 

(SOR/2002-222) 

* this chapter: Vol. 6, Chapter 6. 

** see Vol. 6, Chapter 7. 

*** see Vol. 6, Chapters 4 and 5. 

A PAD is a direct loss or reduction of fish habitat area potentially incurred through planned construction 

(e.g., encroachment of infrastructure on existing fish habitat), or accidents and malfunctions 

(e.g., slope failures, spills). Accidents and malfunctions are addressed in Volume 9, Chapter 3.  

The introduction of deleterious substances could alter fish habitat directly by reducing water and 

sediment quality to the extent that fish health decreases and mortality occurs, or indirectly, through 

trophic interactions with biological resources used by fish. The direct effect on fish health and 

mortality potentially caused by the introduction of deleterious substances in water is assessed in in 

Volume 6, Chapter 7. The indirect effect on fish/aquatic habitat potentially resulting from the 

introduction of deleterious substances into water and sediment is assessed in two chapters: Volume 6, 

Chapters 4 and 5 for water and sediment quality respectively. Table 6.5-4 describes the specific 

Project activities that link to potential interactions with the VEC freshwater fish/aquatic habitat 

identified in Table 6.5-3. 
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Table 6.5-4.  Project activities and Phases interacting with the VEC Freshwater 

Fish/Aquatic Habitat 

General Project Activity Specific Project Activity Project Phase 

Project Infrastructure 

Footprint 

1. Locations of TIA, WRSAs, open pits, mill, 

camp, quarries and borrow pits, road and 

airstrip water crossings 

2. Lake dewatering 

1. All phases 

2. Site Preparation and Construction 

Water Use 1. Water withdrawal (camp, mill and 

winter roads) 

1. Site Preparation, Construction, 

Operations, Reclamation, and Closure 

Water, Effluent, and 

Dust  Management 

1. Contact water 

2. Treated sewage discharge 

3. Road and airstrip use and maintenance 

4. Explosives storage and use 

5. Dust deposition 

6. Camps, waste management, fuel 

1. All phases 

2. Site Preparation, Construction, Operations 

3. All phases 

4. Site Preparation, Construction, 

Operations 

5. All phases 

6. Site Preparation, Construction, and 

Operations. 

 Loss of Fish Habitat: Project Infrastructure Footprint 6.5.2.1

Locations of Project Infrastructure 

Project infrastructure has the potential to interact with the VEC freshwater fish/aquatic habitat 

wherever the locations overlap with freshwater that is fish bearing (Figures 6.5-1 and 6.5-2). 

Potential effects on the VEC freshwater fish/aquatic habitat are anticipated during the Site Preparation 

and Construction phases in which the building of most infrastructure takes place, and during the 

Operations phase, when the expansion of open pits, waste rock storage areas, and TIA are likely to occur.  

In lakes, the direct loss of habitat will occur in Llama Lake as the result of construction of the Llama 

Pit, at Lytle Lake as the result of construction of the Locale 1 Pit, and at Occurrence Lake due to 

construction of the Locale 2 Pit (Figures 6.5-1 and 6.5-2).  

At Llama Lake (Goose Property), the entire lake will be drained in preparation for the construction of 

the Llama Pit, which represents a loss of 36.59 ha of lake habitat used by Lake Trout and Round 

Whitefish. The majority of the area of the lake is composed of shallow water (less than 4 m), with 

large, boulder-cobble substrate, followed by deepwater areas (greater than 4 m) with fine substrates, 

and nearshore areas (less than 2.5 m deep) with fine substrates. When considering the suitability of 

habitat for each species and each life stage, the weighted suitable areas for Lake Trout and Round 

Whitefish, respectively, are 50.9 ha and 47.6 ha, and the averaged suitable area is 48.9 ha. Llama Lake 

does not have a large amount of habitat that is classified as good or excellent for any fish life stage, 

but it was categorized as medium quality habitat overall as it provides the majority of deepwater 

overwintering habitat in the sub-watershed. Details and calculations regarding the habitat that will be 

lost at Llama Lake are provided in the Draft Conceptual Fish Offsetting Plan (Volume 10, Chapter 21). 

At Lytle Lake (George Property), habitat loss will occur in a small section of lake due to construction of 

the Locale 1 Pit. The total area of habitat that will be lost is 1.53 ha, which includes 0.81 ha of nearshore 

habitat with large substrate and 0.72 ha of nearshore habitat with a fine sediment bottom. No fish have 

been captured in Lytle Lake; however, it is located between known fish-bearing waterbodies and is likely 

habitat only suitable for Arctic Grayling rearing and foraging during the open-water season. The lack of 

deepwater habitat makes Lytle Lake unsuitable for overwintering. The total weighted suitable area for 

Arctic Grayling that will be lost is 0.99 ha. Further details on the habitat loss in Lytle Lake are presented 

in the Draft Conceptual Fish Offsetting Plan (Volume 10, Chapter 21). 
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Figure 6.5-1
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